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Final shop -assembly 


of control - panels 


Reyrolle 


A.REYROLLE & CO.LTD., HEBBURN, CO. DURHAM 
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The problem presented twenty-five years ago by the Sorocaba Power Station of the 

Sao Paulo Electricity Company in Brazil was the installation of a 25,000 h.p. turbine unit 
on foundations originally built for a 15,000 h.p. unit. 

The solution was found in a 600 r.p.m. turbine designed and built by ‘ENGLISH ELECTRIC’, 
its specific speed being a record at that time for the head of 670 feet. 


Every hydro-electric scheme presents its individual problems, 


problems which The ENGLISH ELECTRIC Company—still in the forefront of progress— 


is ideally equipped to solve. 


ENGLISH ELECTRIC 


hydro-electric plant 











THE ENGLISH ELECTRIC Company LIMITED, QUEENS HoUSE, KINGSWAY, LONDON, W.C.2 
Hydro-electric Department, Stafford 


WORKS: STAFFORD ° PRESTON ° RUGBY ° BRADFORD ° LIVERPOOL ° ACCRINGTON 
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WATER POWER 
SPECIALISTS 
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GAL OYA DAM, Ceylon — completed 1952 for hydroelectric 
power, flood control, irrigation. 3400 ft. long; 125 ft. high. 


For further information write to: 


Harnessing water power has been a speciality of the 
Morrison-Knudsen organization for more than 40 years. 
The skill and experience accumulated over these years is 
your’assurance of the efficient planning and competent 
execution so essential for the successful completion of 
large-scale water power developments. 

Through International Engineering Company, a Morrison- 
Knudsen subsidiary, this experience is available to you 
for the design and construction of hydroelectric schemes 
and irrigation projects in any part of the world. 


When planning for the future, it pays to know the facts 
about International Engineering. 





INTERNATIONAL ENGINEERING COMPANY, INC. 
A SUBSIDIARY OF MORRISON-KNUDSEN COMPANY, INC. 
74 NEW MONTGOMERY ST., SAN FRANCISCO 5, CALIF. 
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Mannesmann steel tubes 
have played a big 

part in the swift 

modern taming 

of water power. 


Mannesmann tubes are 


“i i eee 


L 4nfide WOE 
the tewaid of decades 


power plants and 
penstocks are built. 
is tens of thousands More than 250 penstock 
of years old; installations in 
but far more 35 countries the 
efficient use has world over show 
been made in a little of 
the past few decades what Mannesmann 
than in all the has done for 


centuries before. modern civilization. 


MANNESMANN-EXPORT cwsx DUSSELDORF 
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BROWN For high- 


Aig and low-head 
power stations: 


Generators - Transformers - Arc suppression coils 
Air-blast circuit-breakers - Complete switchgear 
and control rooms - Quick-acting regulators 
Remote supervisory control by radio or carrier 
channels over power lines. 


























BROWN, BOVERI & CO.. LTD, BADEN (SWITZERLAND| 
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TURBINES FOR TUNGATINAH TASMANIA 


The illustrations show machining in progress on one of the cast 
steel spiral casings and a completed relief valve. Five turbines with 
rotary type inlet valves and automatic relief valves are being supplied 
to the Hydro-Electric Commission of Tasmania for Tungatinah. 


Each unit is rated at 35,000 H.P., 600 r.p.m., 950 ft. net head 


Doving WATER POWER ENGINEERS 


& COMPANY LTD. 


56 KINGSWAY LONDON, w.C.2. ENGLAND 
MELBOURNE OFFICE: 99 QUEEN STREET 


WATER TURBINES —~ PULP AND PAPER MACHINERY 


Rooster 2481 
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CONSTRUCTION OF 





| 


HASLINGDEN & WALMERSLEY TUNNELS 


FOR THE 





MANCHESTER CORPORATION WATERWORKS 


HAWESWATER AQUEDUCT SCHEME 














Engineer and Manager: Mr. Alan Atkinson, M.Eng., M.I.C.E., M.I.W.E. 














EDMUND NUTTALL 


SONS & CO. (LONDON) LTD. 
22 GROSVENOR GARDENS, S.W.1 


| 
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WATER 


_ in the larger sizes call 
for their own special treatment, 
and few firms have anything ap- 
proaching Blakeborough experience 
in this field. We were manufacturing 
valves up to 66” diameter nearly 60 
years ago, and since then have built 


up facilities for the production of this 


J. BLAKEBOROUGH & SONS LTD. 


p2) 4 (O95 (OL ERY eam 4 (€7 7-04 8) 
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class of equipment on an excep- 
tional scale. Sluice valves are avail- 
able from existing patterns in a full 
range of sizes up to 96” diameter; 
needle valves in any required size; 
penstocks up to the largest in use; 
etc. Power driven operating gear is 


arranged to suit requirements. 


BLAKEBOROUGH 





T 
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Post Insulators 
were specified by the 

New South Wales 

Public Works Department for 
Burrinjuck Sub-Station. 


I 


( 


The Burrinjuck 132 kV Switching Station was equipped with Cylindrical Post 
Insulators type P.703. This is one of many stations on the New South Wales Public Works 


Department system equipped throughout with S.P.P. Post Insulators for 110 kV and 66 kV. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport-on-Severn, Worcestershire, Telephone Stcurport II1, Telegrams ; Steatain, Stourport, 
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THE LAW OF GRAVITY in operation! 


S. Morgan Smith was one of the first in this 


country to successfully apply this principle! 





The almost 77 years, that have passed since 
his start, mark great achievement in the 
building of Smith hydraulic equipment - and 
turbines, alone, totalling more than 14 mil- 
lion Hp. capacity! This reservoir of designing, 
engineering, research and field experience is 


yours, when you place your hydraulic prob- 





lems in our hands! Drop us a line - today! 


The Harland Engineering Co. Ltd., Alloa, Scotland 
Manufacturing Licensees for the British Commonwealth 


S-MORGAN SMITH COMPANY 
YORK: PENNSYLVANIA ~ U-S-A: 


JS ti Kyd:aulics Put Up tol 
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EQUIPMENT IN THE CONSTRUCTION OF 
DOCKS, HARBOURS AND JETTIES 


On every type of construction project, CP equipment is invariably 
at the very centre of activity. Portable Compressors at vital points 
give a constant source of air power . . . CP pumps keep the 
workings dry, with little or no attention. CP breakers and rock 
drills make light of work in heavy conditions . . . CP picks speed 
the operation of concrete trimming. These and a host of other 

CP power tools, all have a regular and constant place among 

the essential equipment used by the modern Civil Engineer 

and Contractor. 


FOR THE RIGHT APPROACH . . . THE RIGHT EQUIPMENT 


cat In | Consolidated 


CONSOLIDATED PNEUMATIC TOOL co. LTD ° LONDON & FRASERBURGH 
Reg. Offices: 232 Dawes Road, London, S.W.6 °* Offices at Glasgow * Newcastle - Manchester * Birmingham * Leeds - Bridgend * Belfast 
Dublin - Johannesburg * Bombay -* Melbourne * Paris * Rotterdam * Brussels * Milan ~* and principal cities throughout the World 
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RapieR Gates control flood water and retain the high tide level on 
the River Clyde in Glasgow. The installation includes three 80-feet 
span gates, |2-feet deep with bridge work and electric operating 
gears. The gates automatically turn under the arches in the fully 


raised positions. 


WATER CONTROL GATES 


for 
Power Plants Water Supply 


River Control Irrigation 


Locks & Docks 


RANSOMES & RAPIER LTD 


ENGLAND 


32 Victoria Street-—LONDON 


IPSWICH—Waterside Works 
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Our new research building at Trollhattan. 
Water turbine laboratory to the right, 
containing cavitation test stand, low-head 
and pump units as well as an aero-dynamic 
testing device. 


A couple of Francis runners cast in stainless steel 


In our modern turbine testing station, also 
situated at Trollhattan and utilizing a part 
of the natural fall of the Gota river, model 
runners having a diameter of 600 mm. 
are tested. 





i, 
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WATER TURBINES 


and accessories 


Our production includes: 


GOVERNORS 


for automatic and semi-automatic 
control, also of the 


NOHAB-ASEA 


electro-hydraulic type. 


CONTROL VALVES 


Butterfly, spherical and 
needle types. 


GATES 


and other mechanical equipment 
for power plants. 


NYDQVIST & HOLM AKTIEBOLAG 
Telegpem: Mehul; Tootitim Cotta: A: te, hanes teenies PO 
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ELECTRICAL APPARATUS 
FOR MEDIUM, HIGH AND 
ULTRA-HIGH TENSION 


—_——_——_—.. 
——————__ 
a 


OFFICINE 
GALILEO 


Di BATTAGLIA TERME Spa 
BATTAGLIA TERME-PADOVA 


The illustration shows : 
Switchgear type OCERD 220 
photographed during a test 
for maximum load, made with 
favourable results at the test 
station of Messrs. Eléctricité 
de France at Fontenay aux 


Roses (Paris). 


Specification 
of the switchgear : 
OCERD 220-225 kV 
600A 
5000 MVA 


PLEASE SEND ENQUIRIES TO: UFFICIO COMMERCIALE DELLE OFFICINE GALILEO Di BATTAGLIA TERME 


MILANO (ITALY)- VIA P. CASTALDI, 24 - PHONE 265370 - TELEGRAMS: ELETTROGA MILANO (ITALY) 
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Structures /Symbols 


Man’s continuing quest for power to drive the 
machines of the world turns more and more to the 
development and harnessing of natural forces. He uses 
water to drive prime movers in order to generate 
electric power. Loch Sloy is but one of several 
locations in the world where Arrol engineers have built 
pipelines and other hydro-electric structures, 


visible symbols of ever greater use of Nature’s bounty. 


All types of Steel Framed 
Buildings, Fixed and Opening 
Bridges, Cranes and Mechanical 
Engineering work, Dock Gates, 
Sliding and Floating Caissons, 
Compressed Air Locks, 

Hydraulic Machinery, Pipe Lines, 
Surge Tanks, Sluices, 

and other equipment for 
Hydro-Electric Stations. 


S/R WILLIAM ARROL & CO. LTD. GLASGOW \ r Ke 


Hopwood 
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A COMPLETE SERVICE FOR 


HYDRO - ELECTRIC 
PROJECTS 


South Durham, as an organization 
specialising in the manufacture of Mild Steel 
Pipes for Hydro-Electric work, offers a 
service which covers every stage from 

initial proposals to final installation and test. 
DESIGN. The assistance of our Technical 
Advisory Staff is readily available to engineers 
engaged in planning Hydro-Electric Schemes. 
Our experience in many parts of the 

world and in all types of terrain ensures 
accurate assessment of requirements and 
practical solution of the problems involved. 
MANUFACTURE. We make Mild 

Steel Pipes up to 96 inches diameter in 
lengths up to 30 feet overall by either 
Water-Gas or Automatic Electric Welding 
processes, together with breeches, bends, 
tapers, T-pieces and all special items as required 
for individual undertakings. Our works, the 
largest of their kind, are specially equipped for 
quick and economical production. 
INSTALLATION AND TESTING. Specialist 
staffs are available to undertake complete 
installation of pipe lines including assembly, 
in situ welding of joints and final test 


under full working conditions. 


DURHAM 
STEEL PIPES 





SOUTH DURHAM STEEL & IRON CO. LTD., PIPE DEPT: STOCKTON-ON-TEES. PHONE: STOCKTON-ON-TEES 66117. 
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Some representative 
figures on water turbines 





Erection of a Kaplan Turbine 


j Engineering Works, Heidenheim (Brenz 
© IMVoith G.m.b.H., ae Voithwerk A Germany eim (1 ) 
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The result of 
extensive tests and 
research.. A.A. 
App ca » insulation takes 
(458 ke) ‘ another step forward. 


Overall height 
9'8"(2.95m) 


In front as usual, Taylor 
Tunnicliff are ready to make 
another contribution to the 
NEW 275 kV Super Grid 

soon to take its place in the 
electrical supply organisation of 
Great Britain. Meticulous re- 
search, exhaustive and rigorous 
tests, skilful craftsmanship and 
long manufacturing experience 
put this latest product of the 
Taylor Tunnicliff organisation 
at the top of its class. 


Taylor Tunnicliff & Co. Ltd. 
huaters ot High Voliage Porcelain Gusiulators ased all wer lhe world 


Head Office: 
EASTWOOD - HANLEY - STAFFS. 
Telephone: Stoke-on-Trent 5272-4 


London Office: 125 HIGH HOLBORN, W.C.1!. Telephone: Holborn 195! 
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—ORTHOJECTEUR- 


HIGH VOLTAGE SMALL-OIL-VOLUME CIRCUIT BREAKERS 
A FRENCH TECHNIQUE CONFIRMED 


* by 20 years experience 


Ateliers de Constructions Electriques de 


. SS DELLE 


25, chemin de Cyprian 
LYON-VILLEURBANNE (Rhéne) FRANCE 
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TRANSFORMERS 








We specialise in manufacturing Power Transformers 
for Generation, Transmission and Distribution. 
All YORKSHIRE Transformers are designed, con- 
structed and tested to the corresponding British 
Standard Specification. 

We make Transformers to suit all requirements up 
to 60,000 kVA.— 132,000 volts. 


MY 
SAAS 


' SA 
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The runner is cast in one piece and made A turbine under erection in our works for 
of stainless steel. The design of our pressure testing and strain gauge measure- 
runners is based on extensive hydraulic ments of the parts that are vital for the 


research in our laboratories. strength of the machinery. 


AKTIEBOLAGET KARLSTADS MEKANISKA WERKSTAD 


Karlstad . Sweden 
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Partial view of 
operating mechanism, 











Shop photo of Taintor Gate 
during fabrication. 


























Taintor Gate in position, looking 
up-stream from log-chute. 


OT Ae Rieiteks 5, ais Rls 


Other Vickers-Built Hydro Electric Equipment 


Turbines e¢ Butterfly Valves e@ Penstocks e@ Sluice 
Gates e Head Gates « Stop Log Hoists ¢ Gantry 
Cranes e Trash Racks and Rakes 





In constructing most Canadian Power Dams, pro- 
vision must be made for the free movement of logs. 
The idea of using Taintor Gates to admit 

water to the log chute was conceived by the 
Hydro Electric Power Commission of Ontario... 
the Gate and all operating mechanism was 
designed and fabricated by Canadian Vickers. 
Thus imagination plus engineering know-how 
achieved a new and totally satisfactory 

answer to an old problem. 

When you have a problem, large or small, 

let Canadian Vickers engineers 

find and build the answer. 


CKERS 


| an 
MONTREAL LIMITED 


CANADIAN 
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for 


HIGH VOLTAGES 


and in the 


LARGEST CAPACITIES 


ACKBRIDGE Transformers include some of the 

world’s largest units — in capacities up to 

94,000 kVA. three-phase—many of these being in 
service in hydro-electric power stations. 


Through over a quarter of a century, these — and 
all other types of Hackbridge transformers 
—have achieved a magnificent reputation 
for reliability and sound modern design 
Ba tentcliation of large and construction. 


Hackbridge transformers 
in Australia. 


Three 6,666 kVA. single-phase 

Hackbridge transformers forming 

20,000 kVA. 110/3.85/6.6 kV. 
3-phase bank. 


Two 18,500 kVA. 3-phase 102/11/6. 6 kV. 
banks of Hackbridge transformers installed 
in Tasmania. 


HACKBRIDGE AND HEWITTIC ELECTRIC CO. LTD., WALTON-ON-THAMES, SURREY 


Telephone: Walton-on-Thames 760 (8 lines) Telegrams: ‘‘ Electric,” Walton-on-Thames 
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Over 2,000,000 in the United Kingdom and Eire 


Already there are over two million “ARMOURLIGHT ” the fact that fault-finding can be done by quick visual 
Toughened Glass insulators in use in the United Kingdom | inspection from ground level, or from the air, makes 
and Eire, nearly a million in Australasia, more than a | them an obvious choice for large powerline installa- 


million in Africa, and hundreds of thousands in Europe tions. 
and elsewhere. | For technical advice and literature, write to Pilkington 


Their high electrical and mechanical strength, their | Brothers Limited, Insulator Sales Department, Ravenhead 
ability to withstand puncture by lightning surges, and Works, St. Helens, Lancs. 


“ARMOURLIGHT" 


High Voltage Toughened Glass Insulators 
PILKINGTON BROTHERS LIMITED 


St. Helens, Lancs., or Selwyn House, Cleveland Row, St. James's, London, S.W.!. Tel. : St. Helens 4001, Whitehall 56726 
“ ARMOURLIGHT " is the registered trade mark of Pilkington Brothers Ltd. wat 
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Automatic stations spark ne 
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Opportunities for economic hydro-electric development 
are illustrated in this modern, unattended outdoor station 
of the California-Oregon Power Company. Simplified 
design, using package-type equipment, cuts construction 
costs. Station is rated 21,176-kva, 6900-volt generator, 


transmitting at 132,000 volts. 


w interest in 


development of marginal hydro-electric sites 


With low operating costs and simplified modern construction. 
small hydro-electric stations can be profitable investments 


One of several package-type electrical equipments for 
hydro-electric stations, this model is being inspected by 
J. B. McClure, Manager, G-E Power Generation Div. 
Equipment design is completely co-ordinated, simplifying 
installation. 
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At a time when larger and larger 
generating stations tend to hold the 
spotlight as an obvious answer to 
growing demands for power, electric 
utilities are showing marked interest 
in small, unattended hydro-electric 
developments. 


The reasons may be found in the in- 
creased opportunities for economic 
construction and operation offered 
through modern, factory-assembled 
equipments and proved methods of 
automatic control. 


Engineered by General Electric, com- 
pact, package-type electrical equip- 
ment for hydro-electric stations is 
readily adaptable to remote control 
automatic or semi-automatic opera- 
tion. 


Designed around a simple line-up of 


You Can Put Y our Confidence In — 


GENERAL @@ ELECTRIC 


1953 


—U.S.A.— 


hydraulic turbine operated genera- 
tor, metal-clad switchgear, power 
transformer and outdoor station 
structure, they can be shipped in a 
minimum of sub-assemblies to sim- 
plify installation and reduce expense. 
In many cases, advantage can be 
taken of low cost outdoor station 
construction. 


Water power is one of the great 
resources of a nation. Modern engi- 
neering advances, typified in these 
dependable, factory-assembled equip- 
ments, will speed its development to 
the maximum possible economic lim- 
its. See your G-E representative for 
more information. Or write: Inter- 
national General Electric Co., Cen- 
tral Station Sales, 570 Lexington 
Ave., New York 22, N.Y., U.S.A. 


1A-53-14E 





EUCLIDS SOLVE HAULING 


- JOHN LAING & SON L” 


PROBLEM fo 





John Laing & Son Ltd. used a fleet of EUCLID Rear-Dump Wagons 
on their Banias (Syria) harbour contract for the Iraq Petroleum 
Company. 

As part of this immense undertaking, EUCLIDS hauled 12-ton rocks 
over 44 miles of mountainous road with gradients of | in 6—once 
again proving the superiority of Euclids on the toughest jobs. 
Leading contractors throughout the world depend on EUCLIDS ... 
solving their large scale earthmoving problems—earning bigger profits 
on every job. 


BLACKWOOD HODGE 


Subsidiary Companies Branches Works and Agencies throughout the World 


— 
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This 16-Foot Butterfly Valve Illus- 
trates the type of work which New- 
port News takes in stride. Newport 
News built 3 such valves, each 
weighing 446,000 lbs., for the Ross 
Power Plant, Skagit Project, De- 
partment of Light, City of Seattle, 
Washington. Designed for a water 
flow of 3,620 cu. ft. per sec., and a 
hydrostatic pressure of 290 psi., 
these valves were shop tested by 
Newport News at 450 psi. They are 
hydraulically operated with oil at 
1,500 psi. pressure. Shop tests assure 
speedy, trouble-free assembly of 
Newport News built equipment, on 
the site. 


The TEST of a TITAN 


Here is one of the largest high head butterfly valves ever built, 
undergoing a shop test at Newport News. If you had an 
opportunity to follow this unit from start to finish, you would see 
first hand how Newport News produces massive equipment 


economically. For economy is a basic advantage that results from NEWPORT 

Newport News’ high integration of skill and production facilities. 
Large engineering and technical staffs, operating a plant NEWS 

comprising acres of brass, iron and steel foundries, five huge 


machine shops and other extensive fabricating facilities, have made SHIPBUILDING AND 
Newport News one of the world’s largest producers of hydraulic DRY DOCK COMPANY 
turbines, valves, gates, penstocks and other essential equipment... Newport News, Virginia 
both standard and special in design. 





Let us bid on your equipment. Write us today for your copy of 
“Water Power Equipment.” 
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The Control Room at BRIGHTON ‘B’ Power 
Station is built around S/fosdord Miniature 
Direct Wire Diagram Cubicles 


Direct wire control means that switchgear of this 
order can be controlled by 50-volt telephone 


type equipment. 


Reliable — Space saving. 


Standard Telephones and Cables Limited 


(Registered Office : Connaught House, Aldwych, London, W.C.2.) 
TELEPHONE DIVISION 


OAKLEIGH ROAD - NEW SOUTHGATE - LONDON, N.!! 





Tel: ENTerprise 1234 Grams: Essteecee, Telex, London 
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Photograph by courtesy of the Ontario HydroElectric Commission 


BAILEY BRIDGING 


in this age of power 


Engineers throughout the world, engaged on major projects to 


4 
harness natural resources, combine the structural and mechanical bul 


aids of Bailey Bridging with their technical and productive skill. 


To-day’s tremendous speed of construction demands _ Bailey [ 
MM 


Bridging equipment which fulfils all requirements, regardless of 
magnitude. Our organization is privileged to place at your 
disposal a world-wide technical and Bailey Bridging supply 


service, unique in Civil] Engineering. 


WORLD LICENSEES 


FHOS.STOREYL (érgincers) HPDa 


Vernon Works - Stockport - England 


TELEPHONE : STOCKPORT 3836-7-8-9 TELEGRAMS: MICROFAB, STOCKPORT 


_—. 
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The “ncbecon Kanch” POWER PROJECT 
United States Bureau of Reclamation 


hydraulic turbines 


by LEFFEL 


Anderson Ranch Dam, located on the Boise 
River in Idaho, U.S.A., is the highest earth-fill 
dam in the world. Two Leffel Turbines are in- 
stalled in the Anderson Power Plant which 
provides power for the surrounding area. The 
turbines are of the cast steel spiral case, verti- 
cal Francis type and each is maximum rated at 
28,250 HP, under 324 ft. net head, speed 
277 RPM. 

With a structural height of 456 feet, a base 
width of 2,650 feet and a crest length of 1,350 
feet the Anderson Ranch Dam contains nearly 
10,000,000 cubic yards of earth and rock. The 
reservoir behind the dam will hold 493,200 
acre-feet of water. 


When you consider turbines for your power 
project (whether it is a new installation or the 
expansion of an existing installation) we ask 
you to keep in mind the services which are 
offered by Leffel. Our 9! years of experience, 
our large modern plant, our thorough work- 
manship—all are ready to serve you. 


MORE EFFICIENT HYDRAULIC POWER FOR 9391 YEARS 
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For efficient power generation 


Brush Alternators embody the results of the extensive experience which the Company 
has built up during the past 70 years in the design and manufacture of electrical 
rotating machinery, and complete generating plant for large power stations. 

The machine illustrated, which embodies rotust fabricated construction, has an 
output of 2,500 kVA — 11,000 volts at 428 r.p.m., and is ore of a number of Brush 
Alternators built for the Isle of Man Power Station. 

We are in a position to offer quick delivery of a range of our large Alternators 


and also synchronous Motors, full details of which will be sent on request. 


Our full range covers outputs of 3 to 3,000 kVA. 


Alternators by ‘BRUSH 


THE BRUSH ELECTRICAL ENGINEERING CO. LTD., LOUGHBOROUGH, ENGLAND 
Birmingham - Bristol - Cardiff - Glasgow - Leeds - London - Manchester - Newcastle - Sheffield 





Bg 
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“One of the three 15.000 
KVA, 333-1/3 r.p.m. vertical 
alternators supplied to the 
Société Générale des Forces 
Hydro-Electriques of 
Katanga for its Bia Power 
Station at Koni on the Lufira 
river. 

Power from these alternators 
is transmitted to the sub- 
station of the Union Miniére 
du Haut Katanga through a 
120.000 v. high tension 
network comprising more 
than 300 miles of lines.This 
station has been in regular 
service since the year 1950”. 


A 


al 


Ateliers de Constructions Electriques de Charleroi 
BELGIUM 


A.CE.C.56, VICTORIA STREET. LONDON. S.W.1. 
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the finest cableway in the world 


The BRECO Travelift Cableway is the ultimate result of many attempts to develop a successful 
cableway incorporating the hoist mechanism in the load carriage. Its technique involves the 

use of an endless rope circulating over the span and arranged to transmit the hoist power ~ 

from a driving winch at the headmast end of the installation to a hoist winch mounted 


in the underframe of the loadcarriage; thus the hotst= . 


A=: = rope is completely isolated from the cross-s n_ 


Pan 
Po. iN 


This alone would give many 
advantages, but in order 
to reap the maximum benefit from the prinéf 
"the. Travelift driving winch itself is of an e 1 
‘ amare design developed to transmit power 


CABLEWAYS 


wire rope transmission 


. r es ce mak _ ro ~gee oy 
R 1 BRITISH ROPEWAY ENGINEERING CO. LTD. PLANTATION HOUSE, MINCING LANE, LONDON, E.C.3 
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ROCK LOADING OUTPUT 


Yes}! An EIMCO will double your daily load- 
ing capacity in rock, sand or gravel. 


The esa wale gr Eimco Rocker- 
Shovel will faster, heavier materials 
and at a perp ool ag! yord than any other 
equipment up to double the investment. 

In sand and gravel pits, rock quarries, under- 
ground mines and tunnels, the EIMCO is consist- 
ently turning in loading records of double that 
of other equipment on the same job. 

Are you getting full value in your loading 
equipment? 

Write EIMCO for more information on crawler 
type loading equipment. 


EIMCO (GREAT BRITAIN) LTD. 


BARRAS GARTH ROAD, LEEDS, !2 
Telephone: Leeds 38098 
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For over 30 years Marelli beve 
Manufactured Generators and Trans/ormer; 
for Hydro-Electric Power Plaiits 
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ERA & TRA 
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TWO HYDROGEN COOLED 
SYNCHRONOUS CONDENSERS 
50,000/60,000 kVA - 10,000 Volts - 750 r.p.m. 
being assembled in our Works 


These Condensers have been designed for installation at receiving 
sub-stations of the Societa Edison and the Societa Valdarno in Italy 


ERCOLE MARELLI & Co. S.P.A. 


CORSO VENEZIA 16, MILANO (italy) 
Telephone: 700941 Cables: VENTILATOR MILAN 


London Representative Office: 2 Victoria Street, S.W.| Telephone: ABBey 7210 
SUBSIDIARY COMPANIES, BRANCHES AND REPRESENTATIVES THROUGHOUT THE woRrLD 
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. \ Hydro-Electric Plants 


| AEG 
/ Water-Wheel 
4 Generators 























60 YEARS’ Experience in Hydro-Electric Plants 


ALLGEMEINE ELEKTRICITATS ~ GESELLSCHAFT 


Berlin-Grunewald Export Department Frankfurt a. M, 
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FORCACAVA 
330,000 K.W. POWER STATION 




















CIVIL ENGINEERS 


AND 


CONTRACTORS 


THE ROCK EXCAVATION 


F 
THE POWER CAVERN 
AND 


THE PENSTOCK SHAFT 
EXECUTED BY 


SENTAB 


BY USE OF 
SWEDISH METHODS 


LENGTH 


HEIGHT 


THE PENSTOCK SHAFT | * 
SECTIONAL AREA. 44 m? es Ya 
TOTAL LENGTH . 520M \3 Hs 
LENGTH OF SLOPE 410M [= 

DEGREE OF SLOPE 42 : 





SVENSKA ENTREPRENAD A/B 
VILLAGATAN 6, STOCKHOLM, SWEDEN 
RIO DE JANEIRO, CARACAS, TEHERAN, CAIRO 
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Hydro-electric Equipment 








GH 4/6 “7 A natural source of perpetual power lies in the 


ey, 
> 
e / 


upland lakes and rivers of almost all countries. 
To harness it, BTH supply all plant required 
for hydro-electric power schemes. The long 


» 
» % ; 
o-% cS * of 
aS experience of hydro-electric engineering possessed 
by BTH is one reason for the superiority 
of their equipment. Another is the exceptional 
capacity of the Rugby works, where plant ona very 
large scale, such as is required for many hydro- 


electric schemes, can be built without restriction. 


Top: Artist’s impression of the Los Peares 
Power Station, North West Spain. 


Left: One of the ten 20,500-kV A., single-phase, 
50-cycle, Type OFW Transformers (on test in 
BTH works) forming three 61,500-kVA., 
11/132-kV. three - phase banks, plus one spare 
unit, for the above Power Station. 


For all plant required for Hydro-electric 
Power Schemes — Consult BTH. 





THE 


——eet_| BRITISH THOMSON-HOUSTON 
— _ ~ 


COMPANY LIMITED, RUGBY, ENGLAND 








A4405 
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Yy/ make a good 


circuit breaker better ? 


‘THE man who built a better mouse-trap could an- 
swer that. No sooner had he marketed his mouse- 
catcher than some one else came out with a still 
better one. 

That's why Westinghouse has always been the 
first to improve its own products for the generation 
and distribution of electrical power. A typical ex- 
ample is the Type GM Oil Circuit Breaker intro- 
duced a few years ago. This De-ion breaker saved as 
much as 20% in floor space, 7% in height, 52% in 
weight and 56% on oil required for previous break- 
ers. Now, making this good breaker even better, 
Westinghouse has produced the new Type GW Oil 
Circuit Breaker. 

Smaller and lighter, it uses only half as much oil 
as the round-tank GM breaker, with no loss in elec- 
trical or mechanical strength. Oil saving is achieved 
through a unique watch-case design, and amounts to 
4000 gallons on a 3,500 to 10,000 kva breaker. Less 
oil used means lower maintenance cost through re- 
duced oil handling. Lighter weight means extra sav- 
ings in foundation costs. Conventional condenser 
bushings, interrupters and operating mechanisms 
provide the same fast action and high interrupting 
capacity as round-tank breakers. 





Type GW Circuit Breakers are pneumat- 
ically operated, 3-cycle opening and 20- 
cycle reclosing; 230/169 kv; 1200 am- 


you CAN BE 4 d ; eres. Details will be sent on request. 


R rite today to Dept. X. 
Re TIMING 


«AF ITS 








stinghous 


WESTINGHOUSE ELECTRIC INTERNATIONAL COMPANY 
40 Wall Street, New York 5, U. Ss. As 
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HIGH PRESSURE PIPE LINES FOR HYDRO-ELECTRIC POWER PLANTS 


Ferrum Montage A.S., Oslo, Norway, and Ferrum (England) Limited, London, have for many 
years specialised in Design, Supply and Erection of High Pressure Pipe Lines for Hydro Electric 
Power Plants. 


More than 300 contracts have been carried out by the Ferrum Organization for 
supply of High Pressure Pipe Lines to all parts of the world. Since the beginning 
of 1946 Contracts for the Supply and Erection of High Pressure Pipe Lines 
have been placed with our Organization for 48 separate Hydro-Electric Installa- 
tions, including highly important Power Plants in Norway, India, Tasmania, 
Victoria (Australia), Colombia and Kenya. 


We shall be pleased to send on application pamphlets containing illustrotions and lists 
of Pipe Lines supplied by our organization 


FERRUM (England) Limited  encinerrs 


STAFFORD HOUSE, 43 NORFOLK STREET, LONDON, W.C.2 
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OUTSTANDING 
IN DESIGN ...STRENGTH 
AND ECONOMY 


‘a 
Specially designed for the 
British Electricity Authority’s 
new 275/400 kV lines, with 
twin ‘4 square inch conduc- 
tors, these Blaw Knox 
Suspension Towers for a 
1200-ft. normal span, employ 
60% high tensile steel. The 
photograph shows a tower 
during a series of successful 
tests which proved its 
design... strength... and 
economy. 


<e(iilK 


TRANSMISSION 
TOWERS 








Fabricated by and tested at the 
. Wagks of Messrs. Painter 
Brothers. Limited, Hereford. 
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BLAW KNOX LTD - 90-94 BROMPTON ROAD - LONDON S.W.3 


TEL: KENSINGTON SISi - GRAMS: BLAWNOX, SOUTHKENS, LONDON - CABLES: BLAWNOX, LONDON 
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ANOTHER WORLD FAMOUS 
SUPPLY UNDERTAKING 


efficient 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
21 BLOOMSBURY STREET, 
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The 10,500 kVAr 13.8 kV bank of BICC 
Capacitors illustrated above is installed at 
the Sarnia Substation of The Ontario Hydro. 
The bank is at present in a temporary position. 
In due course, it will be installed permanently in 
the same Substation. 
It was commissioned in July 1952. Since then, 
like all other BICC Capacitor Banks in Canada, 
it has given no trouble whatsoever. 
Units are of the large tank type, each having an 


output of 250 kVAr. Note how conveniently they 


LONDON, W.C.I 


lend themselves to either temporary or permanent 
out-door installation with simple foundations, no 
racks, no cubicles or external fuses, and with a 
minimum of bushings and busbar work. 

Add to these advantages the robust construction 
and the special properties deriving from the 
high-grade, low-loss dielectric, in the manufac- 
ture of which, quality is considered before cost... 


and it will be appreciated why PAYS TO 
BUY QUALITY IN CAPACITORS 


i _ 
QD, Branches and Agents throughout the World 
Y 
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WATER 


POWER 


A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 


Power tor Canada 


UR title is taken from a paper presented recently 
O. the Sixty-Third Annual Convention of the 

Canadian Electrical Association by F. L. Law- 
ton,* the President, whose remarks seem to us to be 
of importance to hydro-electric engineers all over the 
world because they touch not only on the funda- 
mental problems which face all countries having a 
water-power potential but also on those probable 
trends of development which foreshadow future prac- 
tice in design and construction. 

Canada, with its vast natural resources in minerals, 
timber, oil and agricultural products, is experiencing 
an ever-increasing tempo of economic expansion, and 
consequently forms a particularly suitable environ- 
ment for a survey of this kind. By the end of 1952, 
as Mr. Lawton points out, the installed capacity of 
hydro-electric plants for all purposes was over 14} 
million horsepower, about 90 per cent., or 12} mil- 
lion, being developed by central stations for the 
generation of electricity for public consumption. To 
this must be added a further 1,850,000 h.p. of capacity 
provided by steam and diesel plants in central 
stations, making a total of 14,700,000 h.p. or slightly 
over one horsepower per capita. To Mr. Lawton, this 
means that at present every person in Canada has a 
horsepower of installed capacity at his disposal, and 
as an able-bodied man working for 240 eight-hour 
days per annum at manual labour does work to the 
equivalent of 67 kWh per annum, each man, woman 
and child in Canada is sustained, virtually, by the 
efforts of 100 workmen who require neither housing, 
nor municipal services and yet who can be summoned 
to duty by the mere pressing of a button. He con- 
sidered this power backing to be a crucial factor in 
the high standard of living enjoyed by Canadians, 
enabling them to compete with the output of coun- 
tries with cheap manhours. 

Evidence went to show that an average long-term 
load increase of 7-5 per cent. per annum could be 
anticipated, which meant that by 1975 the capacity 
of central stations in Canada would be required to 


* Chief Engineer to the Power Department of Aluminium Laboratories, the 
development organisation of the Aluminium Company of Canada Limited 
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have an installed capacity of about 78 million horse- 
power. How, Mr. Lawton asks, is this prodigious in- 
crease in capacity going to be provided? In reply to 
his own question, he predicts that the next 25 years 
will witness a marked trend towards the development 
of the abundant water-power potential of the enor- 
mous catchment area which forms an arc around 
Hudson Bay. Such a development would result in 
large base-load plants situated at great distances from 
the centres of load and would consequently involve 
the construction of long high-voltage transmission 
systems on the lines of the Harspranget development 
in Sweden, only with tensions probably running up 
to 500 kY. Parallel with this development Mr. Law- 
ton envisages a gradual change in character of many 
of the hydro plants now in service, especially those 
backed up by major storage capacities. These storage 
plants, he considers, will tend to be converted into 
peak-load stations, providing emergency capacity for 
the more outlying plants—an expensive proceeding 
but one that would be fully justified by the enormous 
increase in the overall generating power. In these con- 
ditions, existing run-of-river plants would, of course, 
continue to turn out all the kWh they were capable 
of developing. 

Obviously cost is going to be a fundamental factor 
in this immense extension of Canada’s power poten- 
tial. The Aluminium Company of Canada Limited 
have already adopted an outdoor design for two of 
their stations on the Peribonka River in an endeavour 
to reduce capital costs and there is every indication 
that this form of plant can be adapted to the most 
rigorous conditions imposed by the Canadian winter. 
Here then, is one method of effecting a substantial re- 
duction in the capital involved, for the outdoor design 
results in a substantial saving in materials and man- 
hours of labour, particularly on the remote sites at 
which these future stations will be situated. But the 
cost of operating personnel is also continuing to 
climb, and in this matter Mr. Lawton sees automatic 
and remote-supervisory control to be the solution. 
Calgary Power Limited have already found it to be 
sound economics to connect all their hydro-electric 
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plants in this way. Not only has this innovation re- 
sulted in a substantial saving in operating personnel, 
but has also saved heavy expense that would other- 
wise have been incurred in providing houses and 
reasonable living amenities in remote and isolated 
districts. What is very important in this matter is that 
the operators themselves have welcomed this move 
as they do not relish living in out of the way places 
where the opportunities for human contacts are so 
narrow and difficult. 

As another means of minimising cost, admitting 
that the runners must necessarily be largely tailor 
made, Mr. Lawton sees considerable scope for a 
rational measure of standardisation in such matters 
as the location of the devices and equipment asso- 
ciated with the generating units, the control, piping 
and sluices, simplicity rather than complexity being 
the keynote. Other savings could be effected by the 
use of transformers with standard taps, or the elimi- 
nation of taps, and the interchangeability of trans- 
former bushings up to the highest voltages. There was 
a danger too, he considered, in over-design, which 
cost money, and whereas reliability was a first neces- 
sity, ultra reliability was an expensive fetish which 
threatened to become a burden on the ultimate con- 
sumer. 

In a brief note of this kind we cannot hope to 
touch upon more than a few of the outstanding items 
which Mr. Lawton embraces in his admirable survey, 
and although we have exhausted our allocation of 
space we cannot resist a direct quotation, which is 
particularly pertinent to the problems presented by 
all hydro-electric schemes: “I cannot too strongly 
emphasise,” Mr. Lawton stated in the course of his 
remarks, “that the greatest asset of the power-utility 
industry is the engineer who applies constructive and 
unbiased thinking to his work, adopting the best prac- 
tice . . . from all countries of the world where this 
gives some evidence of being economically sound, 
but working out original solutions when dollar and 
labour savings can be achieved.” 


Niagara Falls 


An interesting report on the “Preservation and 
Enhancement of Niagara Falls” has been received 
from an International Joint Commission of the United 
States and Canada, which was charged with the task 
of devising measures to be taken to conserve the 
scenic beauty of the falls in view of the diversion of 
a large proportion of the flow to meet power needs. 
In the present agreements which control the flow of 
water over the falls, the quantity must not be less than 
100,000 cusecs during the daylight hours of the tourist 
season and not less than 50,000 cusecs at any other 
time. Reduction of the flow to these limits would 
result in considerable areas of the present river bed 
being uncovered, in a serious diminution of the scenic 
effect of the American Falls and in the flow over the 
Horseshoe Falls being too highly concentrated in the 
centre. 

The remedial measures aim at contriving a satis- 
factory flow over the American Falls and an unbroken 
flow over the whole of the crestline of the Horseshoe 
Falls. The measures recommended consist of three 
separate works—a control structure of the Chippawa- 
Grass Island Pool, an excavation in the Horseshoe 
Cascades combined with a crest fill 100 ft. long 
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, and 
mme- 
bined 


extending from the shore of the Canadian fla 
an excavation in the Horseshoe Cascades lyin; 
diately upstream from the Goat Island flank c« 
with a crest fill 300 ft. in length. 

Elaborate model tests that have been co 
give every promise that these measures would 1 
rather than merely preserve the grandeur of this great 
scenic spectacle, and the cost—estimated a $144 
million—although high is by no means incommen- 
surate with the benefits secured. 


Tide and Time 


In the course of his presidentiai address to the 
engineering section of the British Association, Lord 
Dudley Gordon referred to the immense source of 
power that was available in the tides. Unfortunately, 
Professor Haldane had warned them that the final 
result of unrestricted tidal power would be to increase 
the braking action of the tides very considerably, so 
that the rotation of the earth would gradually slow 
down. In consequence the moon would begin to 
approach the earth, ultimately coming near enough 
to complete the destruction of this long-suffering 
planet of ours. However, it is calculated that this event 
is unlikely to take place before A.D. 30,000,000, which 
affords us a reasonable margin for the arrangements 
of our affairs. 

Water power engineers will be gratified to know 
that Lloyds have expressed their willingness to under- 
write this risk, taking the optimistic view that the 
atomic wallahs will have brought about a really 
decisive cataclysm before this date. 
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Storfinnforsen Plant, Sweden 


THE first of three turbines of the Storfinnforsen 
power plant on the Faxadlven River in northern 
Sweden was recently put into operation, adding 
35,000-40,000 kW to the Swedish power network. 
When all three units of this plant have been put into 
commission, probably in the spring of next year, the 
plant will have a rating of 100,000 kW. The capital 
cost is estimated at about Kr.90 million (£6,200,000). 
It was built by Nydqvist & Holm, of Trollhittan, the 
three Francis turbines having an output of 47,000 
h.p. each at 150 r.p.m. with a head of 158 ft. They 
are of the vertical-shaft type and the runners, cast in 
one piece, have a maximum diameter of 3,600 mm. 
(11 ft. 8:4 in.). A stainless steel sheathing is welded 
on to those parts of the runners which are particularly 
exposed to cavitation, and the gate-operating device 
is mounted in a stayring of cast steel, riveted to the 
all-welded spiral casing. 


Turkey Contracts Awarded 


HE contract for the erection of a hydro-electric 
station on the Seyhan river in southern Turkey has 
been awarded to the Morrison-Knudsen International 
Co. Inc. This scheme envisages the construction of a 
dam having a capacity of 115,000 acre feet and a 
two-generator power station which will be capable 
of contributing 280 million kWh to the national net- 
work. In addition to providing power the stored water 
will also serve to irrigate 360,000 acres of water- 
starved land. Finance has been provided jointly by 
the International Bank of Reconstruction, the Turkish 
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Government, and a group of private individuals, the 
total amount required being in the neighbourhood of 
£T 80 million. 

At the moment of writing, the announcement of 
the date of adjudication for the electrical equipment 
for the scheme is being decided, and the consultants, 
The International Engineering Corporation, of the 
U.S.A., are working ap the specification for the sluice 
gates. It is hoped that this specification will be avail- 
able in October or November. 


Kafue 


ACCORDING to Mr. W. A. E. Winterton, Minister 
for Trade and Industrial Development, Southern 
Rhodesia, an agreement had been reached by which 
the Kafue Gorge scheme would be put in hand as 
soon as possible with the expectation that it would 
be ready for operation not later than 1959. In the 
meantime investigations would be continued at 
Kariba on which £156,000 had already been spent. 
He added that the Kafue power was urgently needed 
in view of the fact that the cost of thermal power 
would tend to rise as increasing transport charges 
added to the cost of the coal used in the steam- 
operated stations. 

This agreement was referred to by Sir Godfrey 
Huggins when he assumed office as Prime Minister 
of the interim Government of the Federation of 
Rhodesia and Nyasaland—a singularly appropriate 
reference as it reveals that any differences of view- 
point between the Rhodesias as to the relative 
importance of Kariba and Kafue have now been 
harmonised. 


Progress in Alaska 


Goop progress has been made on the Eklutna 
development in Alaska, which is designed to provide 
power to the Railbelt area. The 4-mile power tunnel 
which is being driven through Goat mountain to bring 
the waters of Lake Eklutna down to a station situated 
between Anchorage and Palmer is advancing at an 
average rate of 90 ft. per day. This tunnel is being 
driven from two faces only, there being no inter- 
mediate adit. The rising face from the power station 
is advancing at 55 ft. per day and the lake end face 
at 35 ft. per day. 


Japanese Programme 


Accor DING to the present schedule of expansion, 
the total installed generating capacity will reach 
12,142,000 kW by the end of 1957, an increase of 
2,892,000 kW, or 31 per cent. over the installed 
capacity at the end of 1952. Of this total increase, 
2,259,006 kW will be hydro-power and 633,000 kW 
thermal. A recent report states that, in general, the 
capability of existing thermal units is limited by the 
lack of sufficient installed boiler capacity and by the 
limited steam output of existing boilers, because of 
the use of low grade coal. The addition of new boilers 
in some of the existing thermal plants will raise their 
capability. 

Because of the hydrology of the country and the 
high percentage of run-of-river type developments, 
the capability of hydro sources at the time of the 
annual peak load in December is low, even in an 
average hydro year with full use of the available 
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storage, which is limited. The total annual energy 
output for 1953 of all plant is estimated to reach 
43,585,000 kWh, an increase of 7-1 per cent. over 
1952. The total energy requirement for 1953 is esti- 
mated at 48,458,000 kWh, an increase of 6-4 per 
cent. over the previous year, leaving a deficiency of 
4,873,000 kWh or 10-1 per cent. of total energy re- 
quirements. However, the report emphasises that no 
serious problems are foreseen in increasing the pro- 
duction units as necessary to provide for increased 
output up to the full capacity of production facilities. 

Since 1950 manufacturers have been engaged in a 
programme of plant expansion, replacement and 
modernisation at a cost of one and a quarter billion 
yen (about 34 million dollars). 

Provision has been made for more rigid control of 
manufacturing processes, improvement in quality of 
output, and lower production costs. In addition, pro- 
vision has been made for the manufacture of units 
of larger individual capacity. 


St. Lawrence Seaway Projects 


FurtHEer to the note in our August issue, the 
Canadian Minister of Transport has announced that 
a St. Lawrence Seaway authority will be appointed, 
a board of engineers and a board of control. It is 
expected, subject to the United States Government 
approval, that contracts for the hydro-electric scheme 
will start to be put out to tender early next year. The 
cost of the entire project has been estimated between 
700 and 1,000 million dollars, and about three-fifths 
of the expenditure will be on the hydro-electric 
scheme. 

The delaying tactics to which we referred in our 
previous note have already become manifest, and 
four separate petitions for interests in the United 
States have been received by the U.S. Federal Power 
Commission asking for the whole matter to be re- 
considered. Whatever the ultimate outcome, it is 
inevitable that American participation in this great 
scheme will be held back for some time. 


New Ulster Station 


THE Ministry of Commerce, Northern Ireland, has 
published its proposal to impound the waters of the 
Lower Bann at Caronroe, and by a hydro-electric 
scheme produce power and light for home use and 
industry. At Caronroe, the old weir will be demolished 
and a new one built with fish passes and elver slips. 
Three generators will be placed in the new power 
station, having a total capacity of 15 MW. 


India Cuts Restored _ 


THE power cut imposed on industries depending on 
the Shivasamudra and Shimsha hydro-electric stations 
in Mysore, India, have been partially and in some 
cases even fully restored. Announcing the news, a 
spokesman for the Government Electricity Depart- 
ment said that as the result of heavy rains in the 
catchment area the inflow of water into the reservoir 
feeding the stations was expected to be enough for 
a full load. Gold mines in the Kolar goldfield area 
were one of the industries affected by the power cut. 
A few weeks ago the gold mining company announced 
that production would be reduced to 10 per cent. of 
normal as a result of the power cut. 
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Fig. 1. Downstream view of dam site showing clay core in course of construction 


Wahleach 


The Wahleach plant is the sixth hydro-electric station to be put 

into commission by the British Columbia Electric Co. Ltd. since 

the war; it is a single-unit station operating on a head of 2,000 ft. 

and adds a further 60,000 kVA to the Company’s total generating 
capacity of 476,000 kVA. 


N the first fifty years of its history, up to the year 

1947, the British Columbia Electric Co. Ltd. had 

installed plant to the tune of 253,700 h.p. on the 
mainland and 50,000 h.p. on Vancouver Island. Since 
that year development has been on a phenomenal 
scale, and in the five-year period ending with 1952 
380,000 additional horsepower has been put into 
service, representing a startling rate of increase com- 
pared with the gradual if steady rise in the previous 
five decades. This rate of production has been stimu- 
lated by increased industrial activity within the Pro- 
vince, marked expansion having taken place in the 
manufacture of pulp and paper, ships, cellulose, and 
the extension of the canning, mining and timber 
industries. 
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For the following particulars of the Wahleach 
plant, the latest to be installed, we are indebted to 
Mr. T. Ingledow, Vice-President and Chief Engineer 
of the Company, who wrote a description which was 
kindly placed at our disposal. 

Wahleach, or Jones Lake as it has been known 
locally for many years, lies in a fold in the mountains 
about fifteen miles east of Chilliwack on the left bank 
of the Fraser River. The distance from the lake to 
the Fraser is under three miles, the surface of the lake 
being at an elevation of 2,000 ft. above the river. 
Overlooking the lake from the southern end is Mount 
Cheam and other mountains in the same range, which 
rise to between 6,900 ft. and 7,900 ft. above sea level. 
Development of power at this site is obtained by 
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LOWER TUNNEL INCLINED SHAFT 


Fig. 2. Longitudinal section of tunnel and various cross sections 


damming the lake at the north end where Jones Creek 
forms the natural outlet and by diverting the water 
through a tunnel from the west bank of the lake 
through a spur of Mount Cheam, called Four 
Brothers’ Mountain, to a point on the mountain side 
above the Fraser River and thence through a pen- 


stock partly underground and partly on the surface 
to a power house beside the Trans-Canada Highway. 

These features are shown on the accompanying 
sketch map, Fig. 6. Construction at the site com- 
menced in January, 1951. Tunnelling was carried on 
throughout the winter of 1951-1952 and the main tun- 


Fig. 3. Spillway under construction 
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Fig. 4. Upstream view of spillway 


nel was holed through on July 18, 1952. Work on 
the dam site has been halted during the winter 
months by weather conditions, which interfered with 
the proper placement of rolled earth fills and by 
forest closures owing to fire hazard during the sum- 
mers of both 1951 and 1952; in consequence it was 
not possible to complete the dam until the summer 
of the present year, and the station has been operating 
on stream flow only. 

The main dam, situated in the 
bed of Jones Creek, just below 
the outlet from the lake, is 1,375 
ft. in length at the crest, which is 
55 ft. above the bottom of the 
stream bed. The crest width is 30 
ft. and the maximum width at the 
base is 305 ft. The main body of 
the dam is composed of a pervious 
fill of sorted sandy gravel material 
with the watertight element con- 
sisting of a section of rolled clay 
lying parallel to the upstream face. 
This face is protected against 
wave action and the downstream 
face against erosion by rip-rap 
layers made up of large boulders 
and quarried rock. A cushion 
layer of graded filter material is 
placed on each side of the clay. 
[he total amount of material 
contained in the completed dam 
is 273,000 cu. yards. The dam is 
designed to store water to ele- 
vation 2,105 ft., which is the 
elevation of the lip of the spillway. 
At this elevation, the lake will 
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store 52,000 acre ft. of water. The spillway is a con- 
crete structure designed to discharge a flood of 6,000 
cusecs with the lake at elevation 2,110 ft., this repre- 
senting an amount equivalent to three times the maxi- 
mum recorded flow. The top of the dam is at eleva- 
tion 2,115 ft. or 10 ft. above the lip of the spillway. 

The flow of Boulder Creek, a small stream which 
empties into Jones Creek below the main dam, is 


s.<-vr. ee eR ee 


Fig. 5. Placing large boulders at foot of spillway 
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Fig. 6 (left). Sketch map showing general arrangement 
of Wahleach scheme 








Fig. 7 (above). Pipeline and erection track 





being diverted into the lake by the 
construction of a smaller separate 
dam. This dam has an approxi- 
mate crest length of 650 ft. and a 
crest width of 15 ft. with a height 
of 8 ft. 

The intake at the tunnel 
entrance consists of a concrete 
structure with the actual intake 
completely submerged. The floor 
of the intake is set at elevation 
2,028 ft. and the roof of the gate- 
house at elevation 2,135 ft. 

The main tunnel to carry the 
water from Wahleach Lake to the 
generating unit is 10,830 ft. in 
length with an overall slope of 
0-82 per 100. Tunnelling was 
carried out from both ends on a 
slightly rising gradient with the 
high point reached where the 
headings met. The tunnel is of 
modified horseshoe shape, being 
9 ft. 6 in. high and 9 ft. wide with 
a cross-sectional area of 76 sq. ft. 
It is unlined except for five short 
sections where ii passes through 
soft zones and for a further 776 ft. 
at the western end where poor- 
quality rock was encountered. 
Fig. 8. Pipeline with Dresser couplings applied to 2,000 ft. head and This last 776 ft. has a steel lining 

designed for surge pressure of 1,500 lb. per sq. in. of circular section 7 ft. in dia- 
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meier, the space between the liner 
and surrounding rock being 
packed with concrete. 

Immediately upstream from the 
steel liner the tunnel was enlarged 
for a length of 365 ft. to form a 
rock trap. Four concrete baffles 
6 ft. high are spaced equidistantly 
along the floor of this enlarged 
section to trap any loose rock 
which may be washed down from 
the unlined sections of the tunnel. 

To provide for unwatering the 
tunnel, a roller gate is located in 
the tunnel 150 ft. downstream 
from the intake. This is a steel 
gate 7 ft. wide and 10 ft. high, 
with rubber seals on the down- 
stream face. 

At the downstream end of the 
tunnel where it joins the under- 
ground penstock leading to the 
power house is located the surge 
shaft. This shaft rises 243 ft. 
through rock to the surface at an 
angle of 53 deg. to the horizontal. 
It has a steel liner with a diameter 
of 10 ft. 6 in., the space between 
the liner and the surrounding rock 
being backfilled with concrete. 

The underground penstock is 
in two sections; the upper inclined 
section roughly runs with the 
slope of the mountain for 1,980 
ft.. at an angle of about 48 deg. 
to the horizontal; the lower hori- 
zontal section extends for 950 ft. , eo ; ; 
from the foot of the inclined sec- Fig. 9. Exterior view of power house in asbestos sheeting 


Fig. 10. Interior of power house showing part of stator Fig. 11. View of 360 r.p.m. rotor 


WATER POWER _ October 1953 


366 





stocks. This valve is designed to 
close automatically should exces- 
sive velocity of water occur in the 
penstock between the valve and 
the power house. 
The single generating unit for 
this plant is rated at 60,000 kW 
—in terms of electrical output the 
largest on the company’s system. 
It is of the vertical-shaft type, 
driven by an 82,000 h.p. Pelton 
turbine. Operation at a 2,000 ft. 
head favours the use of an impulse 
turbine and the design chosen was 
of six-nozzle type similar to those 
which have given satisfactory 
service at Bridge River. 
The nameplate rating of the 
generator is 75,000 kVA, 13,800 
V, 3 phase, 60 cycles, 0°8 power 
factor, 360 r.p.m., 3,138 A 60°C. 
rise. The generating unit itself is 
totally enclosed with the recircu- 
lated air cooled by water coolers 
in the corners of the enclosing 
case. The main and pilot exciters 
are on the top of the shaft. 
The turbine, to which the 
generator is direct coupled, has a 
speed of 360 r.p.m. This high 
speed for a unit of this large 
capacity makes for a_ small- 
diameter unit of correspondingly 
greater height. It is of interest to 
note that the height of the generat- 
ing unit from the bottom of the 
“> 1? “aieonciony } s 2 LV 220 k turbine to the top of the exciter 
Fig. 12. Main step-up transformer, 13-8 kV—230 kV is over 4 tt. ox shout the belgie 
tion to the face of the hillside. Both sections have a_ of a four-storey building. 
steel liner, the inclined section having a 6 ft. 3 in. Power from the generator is delivered mainly 
diameter liner in an 8 ft. 3 in. diameter circular tun- through a 75,000 kVA 3-phase transformer which 
nel, and the horizontal section a 5 ft. 10 in. diameter steps it up from generating voltage to 230,000 V for 
liner in a modified horseshoe shaped tunnel 9 ft. high delivery to the Vancouver metropolitan area. A por- 
by 8 ft. wide. Throughout the 
length of both sections the space 
between the liner and the surround- 
ing rock is filled and pressure- 
grouted with concrete. In the 
inclined section the plate thickness 
of the liner varies from 3 to | in., 
while in the horizontal section it 
varies from +2 to 14 in. 

The surface penstock, which 
continues down the face of the 
hillside to the power house, was 
manufactured from steel plate of 
a thickness varying from 1,*, in. 
at the upstream end to 1{ in. at 
the downstream end. It has a total 
length of 1,650 ft. and is made up 
of 40 ft. sections connected to- 
gether with Dresser couplings. The 
outside diameter of the penstock 
is 5 ft. 10 in. and the total weight 
is 1,110 tons. 

A 42 in. diameter spherical plug 
valve is located at the junction of 
the underground and surface pen- Fig. 13. 60 kV local service transformers 
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tion is supplied through a 9,000 
kVA transformer at 60,000 V to 
supply the Hope, Agassiz and 
Harrison areas; while a small 
portion is retained for lighting, 
water and oil pumps, battery 
chargers and other auxiliary 
equipment in the power house. 
Operations of the plant can be 
carried out either automatically 
or by supervisory control. By the 
use of supervisory control equip- 
ment, the starting and stopping of 
the unit and controlling of non- 
automatic functions will be done 
by pushbuttons in the load dis- 
patcher’s office in Vancouver. In 
a similar way, any troubles or 
difficulties in the generating unit 
or power house are signalled to 
the load dispatcher so that service 
crews can be sent to make the 
necessary adjustments or repairs. 
The power house itself is func- 
tional in design, with structural 
steel frame, asbestos-cement sides 
and a light-weight concrete roof. 
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Fig. 15. 60 kV and 12 kV local service transformers and isolators 


1953 














Fig. 16. Tangent tower for 345 kV line 


An interesting project associated with the Wahleach 
development is the recently constructed transmission 
line through the Fraser Valley. While its immediate 
function is to bring Wahleach power into the system 
it is not a part of the Wahleach project. It is designed 
for later extension to Bridge River and has a capacity 
very substantially in excess of the output of the 
Wahleach plant. 

It will operate initially at 230 kV but is insulated 
for 345 kV, and with the addition of a second con- 
ductor per phase is designed for operation at 345 kV. 
It is the first line on the American continent to be 
built for this voltage. 

The transmission-line towers are of a somewhat 
unusual design, consisting essentially of two latticed 
masts, joined by a cross-arm, the underside of which 
is 85 ft. above the ground. The cross-arm is 74 ft. 
long, giving a spacing between conductors of 35 ft. 
This design was chosen as it requires a minimum of 
tower steel, each tower above the foundations weigh- 
ing only 15,000 Ib. The upper section of each mast is 
of welded construction and the lower section bolted. 
Each mast was assembled on the ground and then 
hoisted into position by a truck-mounted crane with 
475 ft. boom. There are 340 towers in the line, spaced 
about 1,000 ft. apart. The conductor used is steel- 
cored aluminium slightly over 1 in. in diameter, 560 
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tons of cable being needed for the 65-mile line. 

The conductor is insulated from the towers by in- 
sulator strings, each made up of 21 porcelain discs, 
10 in. in diameter and 5} in. long. Each insulator can 
carry a load of 25,000 lb. Some 26,000 insulators 
were needed for the line. 

All the towers are of galvanised steel. All the con- 
ductor hardware, including the grading rings, armour 
rods, suspension clamps, dead-end clamps and vibra- 
tion dampers, were proof-tested and redesigned as 
necessary to give a minimum of radio interference 
and corona loss. 

A new terminal station in Surrey Municipality has 
recently been completed to receive the power when 
operation at the higher voltage is begun, but initially 
the line will terminate at the company’s Kidd sub- 
station in Vancouver. 
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British Transformers for Oregon 


The Bonneville Power Administration has placed 
with English Electric Export & Trading Co. Ltd. a 
contract for a 250,000 kVA, three phase transformer 
bank for service on the 230,000 volt transmission 
system in the State of Oregon. It will comprise three 
single-phase units, each unit, complete with oil, 
weighing 150 tons. The transformer bank will have 
auto-connected windings for a voltage ratio of 
230,000/115,000 V and a delta-connected tertiary 
winding for 13,200 V will be included. On the 
230,000 volt winding, on-load tap-changing equip- 
ment will be provided for a voltage range of 15 per 
cent. and on the 115,000 V winding there will be 
tappings for off-circuit operation for a range of 10 
per cent. 

Cooling equipment will incorporate airblast and 
forced oil circulation for the full output of 250,000 
kVA. It will be adquate for an output of 150,000 
kVA when the auxiliary cooling plant is idle. The 
transformer bank will be built at the Stafford works 
of the English Electric Co. Ltd. 

The Bonneville Power Administration operates a 
large transmission network in the States of Oregon 
and Washington and the power station now being 
built in connection with the Chief Joseph Dam on 
the Columbia river will have an ultimate capacity of 
13 million kW, practically the whole output of which 
will be delivered into this network. 
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The Forgacava Hydro-Electric Scheme 


By PROF. DR. TECHN. L. v. RABCEWICZ, Stockholm. 


The following article describes the work of excavation for a 

subterranean machine hall with the adjoining pressure shaft and 

access and discharge tunnels for the projected power plant at 

Forcacava, Brazil, with special reference to the working methods 

adopted in unstable rock. An article describing the scheme as a 
whole was published in our August issue. 


PART TWO 


South Wall 

The large-scale excavation of the 
machine hall soon encountered an ob- 
struction in the unfavourable geological 
conditions, however. As soon as the 
south wall, in the area of the kaolinised 
zone, had been brought down to eleva- 
tion 98 some cracks showed up in the 
rock under the abutment of the roof arch, 
followed by the breaking off and sliding 
down of rock from the layers dipping 
steeply towards the machine hall (Fig. 13, 
A-A). The rock was loosened to a con- 
siderable depth, emitted a dull sound 
when beaten and, furthermore, some of 
the clearly marked slip planes showed 
water seepage. Meanwhile the rainy 
season had set in. A number of concrete 
columns were first raised for the imme- 
diate safeguarding of the roof. These 
were anchored by means of a number of 
deep-set anchors in the somewhat sounder 
rock on each side of the kaolinised core. 
In some places the columns reached 
down to elevation 97. Besides these pre- 
cautions, several layers in the bad rock 
were connected by deep anchors between 
the columns. Nevertheless, observations 
showed movement of some of the 
columns towards the centre of the 


machine hall. Consequently, as a more 
effective measure, a heading was driven Fig. 12. Columns in south wall of machine hall 
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at elevation 87 along the south wall, and from there 
vertical shafts were raised. Heavily reinforced 
concrete columns measuring 2:5—3-0 x |—I‘5 m. 
were built into these shafts and firmly anchored 
in the solid rock (Fig. 13). The columns extended 
between the final solid rock bottom of the machine 
hall and the abutment of the roof arch. The most 
critical columns, 3, 4 and 5, were built up in this 
way. The most badly kaolinised stratum was situated 
in the centre part of these three columns. Columns 
6, 7 and 8 were built up later, one by one, after the 
south wall of the machine hall had been excavated 
in sections to full height. 

Observations of columns 3, 4 and 5 disclosed no 
movement during the first two months after their 
completion. Then column 5 cracked suddenly without 

11. Excavation of machine hall by inclined shafts preceding deformation exactly at the prolongation of 
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Fig. 13..Geological situation and methods of construction in kaolinised zone and adjacent sections of south wall 


the slip plane g,, Fig. 13. Cracks were visible on the 
west side of the column which ran towards the centre 
of the column where they disappeared. On the basis 
of the observation figures available, these cracks could 
scarcely be attributed to static effects of rock pressure, 
and it can be regarded as certain that dynamic forces 
had been at work. The slip plane g, at this place 
showed a clear separation between the kaolinised and 
the chemically sound gneiss. Notwithstanding all pre- 
cautions, the blasting operations evidently caused vio- 
lent interference in the detonation waves at the contact 
surface of the two different materials, and cracked the 
column, which was closely anchored to the rock and 
also had to support a heavy load. Later observations 
of the column showed no further movement, which 
gives reason to believe that the supposed cause of the 
crack was correct. Nevertheless, the incident led to a 
decision to make the foundation for column 6 deeper 
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and to reinforce this column with heavy steel beams 
in the area of zone K. Furthermore, the columns 
4, 5 and 6 were joined together in a solid concrete 
block, extending from the bottom up to elevation 95. 
To provide intermediate bracing between the columns, 
a horizontal beam of reinforced concrete was built 
in at elevation 95, extending from column 2 to the 
west wall. A second and similar beam at elevation 87 
connected column 6 with the west wall (Fig. 13, C-C). 
When building up the columns 7 and 8, the lower part 
of the columns between elevations 87 and 95, the 
greater part of which is situated in loose rock, was 
first completed together with the two above-mentioned 
horizontal beams. The upper part of these columns 
in sounder rock was completed later. Finally, the 
pump sump situated below the floor in the centre of 
the bad zone was excavated and concreted. 

A projecting concrete platform on the solid part 
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of the south wall served for observations to be made 
of movements of the columns. Fortunately, no further 
movement was observed after the completion of the 
protecting works, and it was considered that the prob- 
lem of safeguarding the south wall had finally been 
solved. Nevertheless, in order to obtain still greater 
security, the three connected columns 4, 5 and 6 were 
additionally braced against the north wall by a heavily 
reinforced concrete strut, at the elevation of the future 
turbine floor (Fig. 15). 

In any event it could not be definitely established 
whether, in the problem at issue, we had to deal with 
ordinary yielding along a slip plane or whether, in 
addition, we had to face an effect of rock squeeze. 
In the construction chosen, therefore, it was necessary 
to make allowance for overcoming both phenomena. 
The results of later observations showed, however, 
that the possibility of rock squeeze could be excluded; 
had it been in question the problem of counteracting 
a presumably heavy lateral pressure would certainly 
have arisen. To this end, a number of arch segments 
could have been built between the columns with their 
upper abutment resting on the roof arch, and the 
lower one resting on the sound rock at the bottom. 
Nevertheless, it is very probable that the lateral pres- 
sure would have already been considerably reduced 
owing to the relatively long period during which the 
south wall had been allowed to expand. 

Before the completion of the south wall, the surface 
of the rock between the columns will probably receive 
a cover of gunite before concreting the final facade 
wall (w, Fig. 13). In order to allow for future observa- 
tions of the rock surface between the columns, the 
open spaces between the facade 
wall and the rock will be made 
accessible by doors. 


North Wall 

Irrespective of its geological 
character, it was necessary to 
undertake concrete work on the 
north wall immediately in order 
to support the runway for the 
overhead travelling crane which 
had to be installed with the least 
possible delay, the owners wish- 
ing to erect and start operating 
units Nos. | and 2 during the 
period while the eastern part of 
the machine hall was still under 
construction. At first, the north 
wall was concreted between ele- 
vation 95 and the abutment of the 
roof arch, extending from the 
eastern end of the machine hall 
to cross section Hm 60 (Fig. 17). 
Up to this point the kaolinised 
zone offered little difficulty, as the 
inclination of the layers was to- 
wards the rock, which, moreover, 
was quite dry. Nevertheless, the 
jointed zone m below K caused 
much overbreak (Fig. 16, A-A). 
For the reinforcement of the wall 
a number of columns were con- 
creted simultaneously with the 
wall. The excavation was made 
gradually in sections extending 
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over the whole height. The reinforcing and concreting 
of a section followed immediately after the excavation, 

Nevertheless, considerable difficulty was encoun- 
tered in the western part of the north wall. The 
excavation for the wall had proceeded down to eleva- 
tion 98 in the vicinity of the draught tube 3 and down 
to the final bottom level of the machine hal! in the 
area of the draught tubes / and 2. To save time and 
to avoid falls of rock which might be expected to be 
considerable, it was first intended to excavate and 
concrete the roof arches of draught tubes /, 2 and 3 
at a certain distance from the machine hall wall to. 
wards the discharge tunnel. These arches had conse. 
quently to be underpinned by corresponding heavy 
concrete columns reaching down to the bottom of the 
hall. Then the benches had to be excavated to the 
extent necessary for enabling the erection of the 
turbines to be started. It was intended to carry out 
the remaining work for the draught tubes from the 
discharge tunnel. 

The roof arch for tube 3, which is situated in bad 
rock, had to be constructed entirely underground by 
means of a vertical shaft driven from the bottom 
gallery underneath. After the arch had been concreted 
the remaining rock between elevation 98 and the 
bottom could be removed up to Hm 60, thus leaving 
the north wall excavated to its full height and length 
from Hm 60 to the west wall. At the same time, the 
roof arches for draught tubes / and 2 had been ex- 
cavated according to programme and arches 2 and 3 had 
been concreted, this being followed by the excavation 
of the draught-tube benches for tubes /, 2 and 3. At 
this stage of the work, the roof arch of No. 2 suddenly 


Fig. 14. Columns and horizontal beams in south wall 
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Fig. 15. Concrete strut between south and north walls 


cracked obliquely, and the arch of No. 3 showed hair the struts applied did not show any visible deforma- 
cracks. As we obviously had to deal with a tilting tion. Further investigations revealed the real cause 
movement towards the machine hall, the concrete of the movement; the plastic kaolinised zone K suf- 
struts I, II and III were immediately raised to brace fered a deformation caused by its own weight and 
the rock wall (Fig. 16, A-A and B-B). Meanwhile, the the weight of the superposed layer f, which was 
crack in the arch of the draught tube 2 widened still intensified by the constantly repeated shocks incidental 
to the blasting. This deformation resulted in a settling 
and simultaneous movement of the rock towards the 
open space of the machine hall, where it broke up 
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Fig. 16. Geological situation and construction methods in kaolinised zone 0, 0, 0, | Portions of | the wall, 
and adjacent sections in north wall \tt\|\—~—~—=——« 
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Fig. 17. North wall concreted up to cross section Hm 60 


(Fig. 20). The layer f thus formed 
a trilaterally fixed slab on a plastic 
base with its eastern and western 
supports (roof and bottom of the 
machine hall) spaced horizontally 
about 40 m. from each other. The 
movement of the rock was further 
intensified by a similar yielding of 
the heavily blocked and jointed 
layer, m, beneath the kaolinised 
zone. The deformation of this 
layer was of course not of a 
plastic nature but rather a form 
of agitation comparable to the 
action of dry masonry in an earth- 
quake. The cracks C,, C., and C, 
were formed in this way, of which 
c, extended deep—probably about 
15 m.—into the rock. The crack 
in the roof arch of the No. 2 tube 
was situated exactly in the pro- 
longation of the joint between the 
layers f, and f,, and the observed 
widening of the crack corres- 
ponded to the gradual sinking of 
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Fig. 18. Reinforced-concrete struts I, II and III at north wall 
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Fig. 19. 


Fig. 20. Rock face above draught tube 3 
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Machine hall excavated to elevation 95 


the layer f,. Although the defor- 
mation of the layer f, showed 
a total deflection of 100 mm. 
(C.+C,) it apparently took place 
without causing any cracks in 
the layer or any visible surface 
fissures. 

By the prompt application of 
the heavy struts IV and V of 
reinforced concrete the movement 
was immediately checked and 
brought under control. For further 
consolidation of the north wall, 
the lower parts U,, U. and U, 
(Fig. 16), were concreted, and later 
on the upper wall part O, (Figs. 
21 and 22). These portions of the 
wall received a _ cross-reinforce- 
ment and were anchored deep in 
the rock. After concreting, a care- 
ful low-pressure grouting of the 
cavities and cracks was under- 
taken which consumed surprisingly 
large quantities of cement mortar. 
The struts I, II and III were 
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Fig. 22. Draught tubes 2 and 3 after concreting the lower portions of the north wall U,, U,, Us 
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As shown on the geological 
perspective drawing, Fig. 12, the 
bad, kaolinised zone also strikes 
obliquely through the west wall 
of the machine hall. Seepage of 
water and downfall of loosened 
blocks necessitated the imme- 
diate concreting of the wall 
below elevation 95 (Fig. 23). 


Drainage 

For the drainage of the walls, 
vertical strips of sheet iron, 
spaced 2:5 m. apart, were at- 
tached to the rock wall and 
tightened along their edges with 
cement mortar in order to avoid 
plugging during concreting of the 
wall (Fig. 22). It is probable that 
this form of drainage will exert 
a certain pressure-diverting effect 
on the whole, but it assumes a 
watertight concrete. Otherwise, 
it is very likely that the water 
appearing locally between two 
strips (e.g. from an anchor hole), 
instead of finding its intended 
way between the concrete and 
the rock to the nearest vertical 
drain, will follow the path of 
minor resistance and _ rather 
trickle through the concrete wall 
lining which is only 0-4—0-5 m. 
thick. In conformity with this 
view all such _ concentrated 
streams of water were separately 
collected and diverted to the 
nearest drain. A watertight false 
ceiling, as shown in Fig. 4 A-A, 
will protect the machine hall 
from seeping water from the 
roof arch. 

(To be continued) 


removed when the concreting of the wall part U, 
had been completed, whereas the strut !V was 
left standing until the completion of the permanent 
floor slabs in the machine hall, which will sub- 
sequently serve as horizontal bracings. These pre- 
cautions protected the work completely, and since 
they were undertaken no cracks or movements of any 
kind have been observed. 

In order to increase the resistance of the kaolinised 
zone below the abutments, it was originally intended 
to employ deep grouting. This process was later dis- 
continued, however, as it might have had a detrimental 
effect on the rock walls of the machine hall. In the 
south wall the grout entering under pressure into the 
open cracks of the layers of the rock would have 
assisted their downward movement along the slip 
planes. On the other hand, it would have been 
impossible to increase the friction on slip planes com- 
pletely filled with clay, as no grouting could be forced 
in. In the north wall the grouting would certainly have 
filled the split between the layers f, and f, but at the 
same time the pressure would have forced the sub- 
Jacent layers downwards and thus intensified the 
movement of the kaolinised layer K. Fig. 24. Drainage sheets in north wall 
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Fig. 1. The Salanfe dam under construction 


The Salanfe Development 


A description of a high-iiead development in the Swiss Alps 
designed to provide storage for water power generation. 


of 20 mill. cu. m. at its upper level (2,187 m.) was 
set up for that purpose in the Cleuson valley. The 


Pian the war and postwar years, French- 
water stored in this reservoir is lifted by four 570 h.p. 


speaking Switzerland saw the completion of the 
great run-of-river power stations of Verbois and 





Lavey, as well as Rossens where storage is available 
to some extent. The E.O.S. concern (S.A. l’Energie 
de l'Ouest Suisse = West Switzerland Power Company) 
then realised the need for large storage power plants, 
which alone could meet the growing demand for high- 
value winter energy, and in the course of the four 
years 1947 to 1950, a storage reservoir with a capacity 


pumps into the artificial lake of the Val des Dix and 
subsequently feeds the Chandoline power station near 
Sion. 

In 1945, E.O.S., together with the Lonza S.A. in 
Basle, began to work out plans for the creation of a 
storage reservoir of about 40 mill. cu. m. capacity 
on the Plan de Salanfe, situated above Vernayaz on 
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Fig. 2. Map showing East and West Saufla intake arrangements and the Clusanfe desilting basin and 
pumping Station 
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Fig. 3. Clusanfe desilting basin with dam and pump 
house in the background 


the southern side of the Dents du Midi. The relatively 
small area of the catchment (18:4 sq. km.) is com- 
pensated by the discharge of the Saufla, a torrent 


flowing in the Clusanfe basin west of Salanfe. The 
outcome of these preparatory studies was the founda- 
tion on October 6, 1947, of the “Salanfe S.A.” with 
head offices in Vernayaz, the two promoting com- 
panies contributing a half each of the capital of 18 
mill. Sw. Fr. 

The new company then acquired from the councils 
of the various communities bordering on the Salanfe 


Fig. 4. The motor room in the Ciusanfe pumping station 
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Fig. 5. The Clusanfe dam and pumping station taken 
before flooding the basin 


and Saufla the right to utilise their waters, and 
entrusted the E.O.S. with the execution of the project. 
Work started in 1947, and it was expected that the 
first generating set would be ready to supply winter 
energy by the autumn of 1950. The contractors had 
planned to build the Salanfe dam with the help of the 
construction equipment which was to become avail- 
able upon completion of the Cleuson works; unfor- 
tunately, this completion was delayed by unexpected 
interventions of the Swiss Federal Authority so that 
it was found impossible to start work on the Salanfe 
dam on schedule. It was therefore 
decided to build at once an auxi- 
liary dam which would create a 
small compensation pool, and to 
operate the power house as a run- 
of-river station. This auxiliary dam 
has been subsequently incorpora- 
ted in the permanent structure. 


Hydrographical Data 

The limnimetric measurements 
taken by the Federal Water Board 
in the vicinity of the dam site be- 
tween 1929 and 1942 were found 
to tally with the measurements 
taken in the course of many years 
at various points of the Rhdéne 
and its tributaries between Sion 
and the lake of Geneva, so that 
the 1929-1942 period can be con- 
sidered normal from the hydro- 
graphic aspect. 

The waters flowing into the 
Salanfe lake are actually supplied 
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by three different catchment 
areas:— 

(a) The Salanfe basin, 18-4 
sq. km. in area, of which 





about 11 per cent. consists of 





glaciers; the mountains of the 
Dents du Midi, Tour Salliére 
and Luisin form its boun- 
daries. There is little glacia- 
tion, but as a compensation 
there are strong precipitations 
which reach 2,000 mm. a 
































year. During the six summer 
months discharge amounts. to 








28 mill. cu. m.; 





(b) The Saufla basin, 12-8 
sq. km. in area, of which 2:2 
sq. km., or about 17 per cent., 
consists of glaciers; its useful 
summer discharge attains 10 Py 
mill. cu. m.; ” 

(c) The glacier that gives ee 
birth to the upper torrent of y 
Saint - Barthelemy — Saint , 
Maurice, with an area of 0°5 Fig. 
sq. km. and a summer dis- 
charge of 2 mill. cu. m. 

This aggregate summer discharge of 40 mill. cu. m. 
fills the lake entirely. 


/ SPILLWAY 
} 


1904 — 


The Saufla Intake 

The layout of the Saufla works appears from Fig. 2. 
This torrent, which flows into the Viéze upstream of 
Champéry, is formed in the small Clusanfe valley by 
the confluence of its two arms, of which the western 
arm has a greater discharge than the other; they unite 
at the mouth of a gorge at rather too low a spot 
which, in addition, is very steep and, therefore, unsuit- 
able as an intake. The two arms are therefore im- 
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6. Plan of the Clusanfe pumping station 


70 m. in length, 2 m. in height and 1-80 m. in width. 

The top water level of the desilting basin is 21 m. 
below that of the Salanfe lake, this difference, as well 
as the height necessary to gravity flow in the junction 
tunnel, being regained by pumping. The pumping 
plant consists of three 500 h.p. motor pumps installed 
with the necessary electrical equipment in a building 
backed on to the dam of the desilting pool; the crest 
of this dam is at 1,905-3 m. The water intake of each 
pump is fitted with a rectangular screen 2-0 by 2:5 m., 
with bars 20 mm. apart. To one side of the pump 
intakes there is a spillway 9:00 m. in width at 1,904 
m., as well as a draining culvert | m. by | m., connect- 

































pounded separately, the intake being set up on the ing with an outlet channel 3-0 m. by 1:6 m. (Fig. 6). ; 
eastern arm, upstream of which a desilting basin Each pump delivers 1-0 cu. m. per sec. against a 
collects the water of the western arm by means of a __ head of 35:5 m. The underground penstock, 190-6 m. 
pipeline 80 cm. in diameter, laid partly underground. in length and 1-0 m. in diameter, which connects the 
The desilting basin has a capacity of 5,411 cu. m., pumping plant with the Clusanfe-Salanfe free-flow 
and its upper water level is at 1,904 m. tunnel is carried on concrete anchor blocks at three 
The sill of the West Saufla intake is at 1,910-75 m. points, where it is fitted with expansion joints; its 
The water first passes through a rectangular screen 300 upper end lies at the highest point of the tunnel, where u 
by 1:5 m., with bars 20 cm. apart, placed at 1,911-88 the invert is at 1,931-°8 m. This tunnel has a length 
m. Fine gravel and sand carried through the screen of 4,140 m., with an unlined cross section 1:8 m. wide 
are evacuated by means of a scour sluice, and the and 2:1 m. high, and a walled cross section 1-5 by 0 
water reaches the previously mentioned pipeline 1-7 m.; it slopes at | in 666. A 60 cm. haulage track = 
leading to the East Saufla intake through a tunnel _ is laid throughout the whole length of the tunnel, and 
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Fig. 7. General arrangement plan of the Salanfe dam 
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leads from its western end to a winch which drives 
a rope haulage connecting with the pump house. Four 
cables for power and remote control are led to the 
pumping station through a duct laid at the foot of one 
of the side walls; a drain is cut in the floor between 
the rails. 


The Salanfe Dam 
The auxiliary structure rises to 1,888 m., and has 
an inspection gallery 2 by 2:5 m., the floor of which 
lies at 1,882 m. The permanent dam, as shown in plan 
in Fig. 7, comprises four straight sections of which 
the central one is 260°65 m. long, the right wing 
je 5-41-97 
1925 |~ 925°5 
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Fig. 8. Section through Salanfe dam and detail plan 
of construction joint and inspection shaft 
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74-76 m., and the left wing 206 m., making a total 
length at the crest of 616°65 m.; its maximum height 
above foundations is 52 m., and the volume of con- 
crete required is 230,000 cu. m. The whole structure 
consists of 42 blocks, most of them 14 m. in width, 
which are separated by expansion joints. Fig. 8 shows 
one of these joints together with the sealing arrange- 
ment. 

Concrete was placed by the aid of two cableways 
spanning the site, each cableway being mounted on 
a travelling carriage at each end. On the right bank 
a platform was levelled to take the carriages on that 
side, as seen in the left background in Fig. 10, but 
the level of the left bank was not high enough for 
this to be done, and a trestle (Fig. 12) had to be built 
to carry the track on which the carriages moved. The 
carriages themselves had to be robustly constructed 
and heavily counterweighted, as the pull of the cables 
was of the order of 230 tons. 

For the heart of the dam, concrete was used 
having a cement content of 150 kg. per cu. m. 
Concrete of 250 kg. per cu. m. was used for the 
crest of the dam from 1,915°6 m. upwards, for the 
upstream face to a thickness of 2:5 m., and for the 
downstream face to a thickness of 1:5 m. Inspection 
galleries 2-0 wide and 2:5 m. high, provided at various 
heights between 1,882 and 1,908 m., lead from No. 6 
to No. 33 block; they are accessible from the down- 
stream face through six transverse galleries, as well 
as through vertical shafts running alongside the con- 
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Fig. 9. General arrangement of the intake and emptying culvert of the Salanfe dam, showing also the profile 
of the auxiliary dam 
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traction joints on the downstream side. The floor of 
the lowest access gallery is at 1,882 m.; a drain cut 
in its floor, 0-4 m. wide and sloping | in 666, evacuates 
seepage water. Niches connect the inspection shafts 
with the inspection galleries. At the left-bank end of 
the dam there is a spillway 18 m. in width connecting 
with a short discharge channel 5 m. in width; the sill 
of this spillway is at 1,925 m. 

Intake and emptying culverts are placed in No. 18 
block at about the middle of the dam (Figs. 7 and 9). 
The entrance to the intake can be closed by means 
of two stoplogs so as to ensure access to the trash- 
rack. In front of each stoplog, a drain cut in the 
sill connects with the downstream 
side by means of a pipe 300 mm. 
in diameter, fitted with a sluice 
gate. The funnel-shaped inlet of 
the intake leads into a steel pipe 
2-0 m. in diameter encased in 
concrete. As shown in Fig. 7 this 
pipe connects with the valve 
chamber set up under No. 24 
block; this chamber, which is 
accessible from the downstream 
side by a transverse gallery, con- 
tains a butterfly valve and the 
aeration valves, and is equipped 
with a small overhead crane. 

The emptying conduit is a steel 
pipe 1-5 m. in diameter, fitted at 
its downstream end with a sluice 
which is accessible from a shaft 
situated at the foot of the dam. 
Downstream of the sluice, the ane 
mouth of this pipe is provided eons 
with a safety plug which prevents Rov) 
inadvertent discharge. A_ small , 
drain fitted with a closing gear JR 
connects the valve chamber wih 3 
the emptying culvert. " 


The Penstock 

As seen in the longitudinal 
profile, Fig. 13, the penstock con- 
sists of three straight sections 
sloping, from top to bottom, | in 
2:3, 1 in 200, and | in 1:05 
respectively. The intake communi- 
cates with the top section of the 
penstock through a tunnel 649 m. 
in length and 2-00 m. in diameter, 
with a gradient of | in 400; the 
bottom section leads into a hori- 
zontal distributor from which 
three branches lead each to one 
of the three turbines. Theoretically, 
it would have been possible to 
build a shaft with a uniform 
gradient instead of a penstock in 
three sections each with a different 
gradient, so that the rock would 
have taken up a large part of the 
compression stresses, thus per- 
mitting substantial economies in 
material to be achieved; this ad- 
vantage would have been offset, 
however, by the necessity of ex- 
cavating first a shaft at least 2:00 
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ig. 11. Upper terminal of the gravel ropeway 











in diameter, and then reducing it to the opcrative 
diameter by means of a concrete lining. This solu- 
tion was finally rejected because, on the one hand, 
the quality of the rock did not warrant an adequate 
factor of safety for the shaft, and, on the other hand, 
the shaft would have been laid out at such a depth 
from the surface that, on too long a section of its 
course, it would have been impossible to drive access 
adits. A further reason telling in favour of the pen- 
stock was that at periods of load fluctuations the area 
in the vicinity of the elbow at the top of the steepest 
section of the penstock is subjected to considerable 
dynamic pressure in addition to static pressure. 





Fig. 10. General view of the auxiliary dam. Note the platform levelled in 
the far bank to accommodate the cableway carriages for constructing 


the main dam 
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Fig. 12. Trestle runway constructed on the left bank carrying the travelling terminal carriages for the two 
cableways for concrete placing 


With the exception of its connection with the intake, 
the penstock is laid freely in the tunnel on concrete 
supports and tapers down from 1-30 to 1-10 m. in 
diameter, as hydraulic pressure increases; an 80 cm. 
haulage track runs parallel to the penstock. 

The very high gross head of 1,473-6 m. available 
at Miéville, exceeded only at the Fully (1,645 m.) and 
Dixence (1,748 m.) power plants, set particularly 
awkward problems with regard to the construction 
and erection of the penstock; thanks to the use of 
special alloys it was possible to make a smooth- 


SALANFE RESERVOIR 


1925 HAULAGE WINCH 





surface welded penstock without reinforcing hoops. 
The pipes, which in the lower section reach a thick- 
ness of 51 mm., were conveyed to site in lengths of 
12 m., then preheated and arc welded on the spot; 
the welded joints were finally reheated to eliminate 
stresses. The total length of the penstock is 4,634 m., 
and its weight 3,130 metric tons. 

Another difficult problem was the construction of 
the distributor at the bottom end of the penstock; the 
design selected is of the type perfected by Sulzer 
Brothers, and fitted with welded strengthening flanges. 
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Fig. 13. Profile diagram of the penstock tunnel between Salanfe reservoir and Mieéville station 
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The terminal of the haulage track at the upper end 
of the tunnel is at 1,931-°9 m., that is to say about 
7 m. above the upper water level of the reservoir. At 
this point the tunnel widens, and a cul-de-sac section 
has been added to accommodate a passbye. The 
cabin which houses the winch actuating the rope- 
haulage is placed outside, above the tunnel. At the 
bottom end, the tunnel extends beyond the distributor 
chamber, and the haulage track continues until it 
reaches the transfer point of the standard-gauge 
branch which connects the station with the Swiss State 
Railways. 


The Tailrace 

In order to provide a damping water cushion at the 
outlet of the draught tubes of the turbines, an over- 
flow weir, 13 m. long, with its 
crest at 449-4 O.D., spans the 
tailrace, and is located under 
the tunnel giving access to the 
power house. A gauging weir, 
preceded by a_ turbulence- 
damping structure, is set up 
upstream of the confluence of 
the tailrace with the corrected 
bed of the Salanfe River; at 
this point, the tailrace can be 
closed by a stoplog. 
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The Power Station 

The underground machine 
hall housing the three generat- 
ing sets with their ancillary 
equipment is 59 m. long by 
15:3 m. wide, with a height of 
17°65 m. between the floor of 
the vault and the crown of the 
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Fig. 14. General layout drawings of Miéville station 





Fig. 15. Air-conditioning and ventilation system of Miéville station 





>>> VLA, 


Bis 
ACCESS 
TUNNEL —— 
TS aso" | Fe 


OFFICE = = 














ceiling. A standard-gauge track leads through the access 
tunnel as far as the nearest generating set. The energy 
generated by the alternators is conveyed by cables 
housed in a separate gallery to the open-air switch- 
yard erected near the main entrance portal. The 
machinery in the power house is handled by means 
of two overhead travelling cranes each having a lifting 
capacity of 45 metric tons. 

A remarkable feature of the three horizontal-shaft 
Pelton turbines, developing each 47,500 h.p. at 500 
r.p.m., is that this great power is obtained by means 
of single jets; these turbines, indeed, are claimed to 
be the most powerful machines of this type built to 
the present day. Two of them (II and III) drive each 
an Oerlikon three-phase alternator generating 37-5 
MVA at 13 kV and S50 cycles whereas the third (I) 
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is coupled to a Brown-Boveri 
single-phase alternator with a 
capacity of 22 MVA at 15 kV and 
16 cycles. The energy produced 
by this latter set is utilised by the 
Swiss State Railways. 

The suspension of work at the 
power station during the summer, 
at a time when the air outside has 
a high moisture content, creates 
a particularly difficult situation 
with regard to ventilation. The 
point is that it is necessary to 
maintain a normally conditioned 
atmosphere in the power house 
throughout the period the generat- 
ing sets are not in operation, since 
the machine room lacks the heat 
supplied by the thermal losses of 
the alternators. This explains why 
the ventilation circuit had to be 
provided with an _ air-drying 
system. 

This air-conditioning plant is 
shown schematically in Fig. 15. 
Fresh air goes to the power house 
through the above-water space of 
the tailrace, and passes first 
through a chamber in the vault 
where it mixes in an adjustable 
proportion with air coming from 
the internal circuit; it is then 
drawn by a fan through filters, and 

! subsequently delivered to a refrig- 
Fig. 16. Pelton-driven single-phase generating set in course of erection (Continued on page 392) 














Fig. 17. Outdoor transformer and switching station at Miéville 
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Fig. 9. View inside the generator hall at Cathaleen’s Falls 


Cathaleen’s Falls Power Station 


These concluding articles on the Erne River development, Eire, 
are devoted to a detailed description of the Cathaleen’s Falls 
station and associated works. 


PART 


URNING, now, from the civil-engineering aspect 

to the construction of the station itself, the intake 

structure houses the gates for the three generating 
sets ultimately envisaged, but the operating gear for 
the third gate has not been supplied. Screens and 
scraper gear identical with that at Cliff have been fit- 
ted, but the gross area covered by each turbine is 
3,200 sq. ft. and the maximum water flow required 
is 3,000 cusecs. 

Glenfield & Kennedy free-roller counterweighted 
gates are provided, 22 ft. 8 in. square and weighing 22 
tons. They are of the quick-closing type, having a 
normal closing speed of 10-5 ft. per min. and an emer- 
gency closing speed of 50 ft. per min. On the opening 
motion the gates rise about 9 in. and are automatically 
held there for five minutes to equalise the pressure on 
the two sides, after which the motion is resumed to 
raise the gate to the fully opened position. They can 
be controlled either locally or from the control room, 
and are interconnected with the turbine overspeed 
gear. 

A set of three dam beams is supplied, sufficient to 
close one intake. The auxiliary set is controlled by a 
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TWO 


Ransomes & Rapier hand-operated 3 ft. square slid- 
ing sluice. 

The penstocks for the two sets at present installed 
were supplied by Sir William Arrol & Co. Ltd., and 
are plain riveted steel pipes 20 ft. 6 in. in diameter. 
The penstock for the auxiliary set is 2 ft. 6 in. in 
diameter. 


Turbines 
The turbines were supplied by Aktiebolaget Karl- 


stads Mekaniska Werkstad (K.M.W.), Sweden. They 
are of the Kaplan type, each developing 31,700 h.p. 
at 187-5 r.p.m. under a head of 90 ft. and at an 
efficiency of 89-5 per cent. 
The spiral casings are of fabricated construction 
and were welded on site. They are designed to with- 
stand the full head without support from the sur- 
rounding concrete. Their lower halves are embedded 
in concrete in the usual way, but their upper halves 
are separated from the concrete by a 2 in. layer of 
compressible cork mastic filling, the effect of which 1s 
to prevent any stress due to the water pressure from 
being communicated to the concrete. By this means 
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Fig. 10. Cross section through Cathaleen’s Falls intake 
structure and power house 


it has been possible to effect a substantial saving in 
the concrete reinforcement. 

Two draught-tube sections are provided for each 
turbine, and are steel lined for about two-thirds of 
their length. Stoplogs are available to close the 
draught-tube sections of one turbine, and an intercon- 
nection ensures that the action of lifting a stoplog 
opens valves to fill the draught tube. 

The turbine guide bearing is arranged above the 
gland and is lubricated by a direct-driven gear pump 
with an electrically driven pump as standby. The 
alternator bearings are self-cooling, the thrust being 
submerged and combined with a pad-type guide bear- 
ing. External coolers are provided for the bearing oil. 


Fig. 11. Gate control gear on the intake structure 
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Governing is effected on the K.M.W. system. The 
actuator head is electrically driven by a permanent- 
magnet alternator on the generator shaft; it is of the 
band type, and is claimed to respond to a speed 
variation of 0-003 per cent. The governing system is 
of the return-motion type with a permanent speed re- 
turn gear which can be adjusted while running for a 
speed droop between 0 and 6 per cent. Stable regula- 
tion is ensured by a pendulum damping device, and 
a load limiter is also incorporated. 

The servomotor controlling the guide vanes is em- 
bedded in the concrete wall supporting the generator, 
where it occupies little space and is securely anchored. 
It is provided with direct return motion, so that no 


Fig. 12. KMW actuator and turbine control panel 
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Fig. 13. Applying cork mastic filling to one of the 
turbine spirals 

external return motion is needed for the actuator 

governor. 

Simple rodding from the governor pedestal connects 
to the combinator, which has a three-dimensioned cam 
for adjustment to suit different ranges of head. The 
servomotor controlling the runner vanes is mounted 
at the head of the machine immediately below the 
combinator. 

Pressure oil is supplied by a 50 h.p. motor-driven 
pump feeding a receiver and by a direct-driven gear 


pump. The direct-driven pump has sufficient capacity 
for normal operation, but the motor-driven pump is 
kept idling and comes into action in emergency and 
for wide regulation such as for closing down. 








The usual protective devices are fitted avainst 
failure of governor or bearing oil, overspeed. over- 
heating of bearings, and so forth, and brakes ave pro- 
vided for normal shutdown and for jacking the rotor 
for inspection of the thrust bearing. A turbine panel 
adjacent to the governor pedestal carries visual signal] 
relays for turbine and generator faults, controls for 
pumps and gates, and the control-room communica- 
tion system. When a fault occurs it sounds a klaxon or 
bell and illuminates a pair of red and white lamps 
on the signal panel. The fault is acknowledged by 
pressing a button, which extinguishes the white light, 
but the red light persists until the fault is rectified. 


Electrical Equipment 

A single-line diagram of the main electrical system 
of the Erne River development, covering both Catha- 
leen’s Falls and Cliff stations, is given in Fig. 15. The 
main electrical contractors for the scheme were All- 
miinna Svenska Elektriska Aktiebolaget, Sweden 
(with A.S.E.A. Electric Limited, London), who sup- 
plied the alternators, cables, and all the major elec- 
trical equipment at Cathaleen’s Falls. 

The alternators are rated at 22-5 MW 0-75 power 
factor machines and generate at 10°5 kV. A 175 kW 
main exciter and a 6 kW pilot exciter are mounted 
above the alternator, the permanent-magnet generator 
for the governor being located immediately below the 
thrust bearing. Cooling is on the closed-circuit system, 
water being derived from the penstocks. 

Each alternator is directly connected to an air-blast 
circuit breaker located on a balcony alongside the 
generator. The generator breakers have a current 
rating of 1,600 A and a symmetrical breaking capacity 
of 23,100 A. Compressed air is furnished by duplicate 
two-stage compressors feeding an 18 cu. ft. receiver 
at 30 atm., the pressure being reduced to 15 atm. for 
use in the breakers. 


Fig. 14. General view of the outdoor switching station 
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Fig. 15. Single-line diagram of the main and auxiliary circuits of the Erne River development 


The main transformers step up to 110 kV, the high- 
tension neutral being earthed through a Petersen coil. 
Fourteen-step on-load tap-changing gear is provided, 
and forced-air cooling is applied above 60 per cent. 
load. The transformers and Petersen coil are mounted 
on the tailrace platform. 


Auxiliary Circuits 

Power at 380 V for station auxiliaries is derived 
partly from a K.M.W./A.S.E.A. 570 h.p. 750 r.p.m. 
Francis-type horizontal generating set, and partly 
from the main generators through 500 kVA step-down 
transformers. Two similar transformers bring in the 
l0kV tie lines from Cliff, and a fifth affords a supply 
from the Ballyshannon 10 kV local network. Air-blast 
circuit breakers, protected by open reactors, control 
the high-tension sides of these transformers. The 380 
V switchgear consists of 20 enclosed panels with 
double busbars. The isolators are manually operated, 
WATER 1953 
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but the breakers are remote controlled, either from 
the front of the board or from the main control board 
if they have synchronising facilities. 

Direct current for emergency lighting, protection 
and control is derived from a 115 cell 220 V battery 
tapped at 90, 104 and 115 cells. A 24 V battery pro- 
vides power for signalling, telephones and tempera- 
ture measurement. 


Outdoor Switching Station 

The outdoor switching station is on the south bank 
of the reservoir about 1,000 ft. upstream of the station. 
The station steelwork is of welded lattice construction, 
galvanised by dipping vertically to prevent warping. 
and has only 40 per cent. of the weight of comparable 
bolted structures. Some of the masts are about 45 ft. 
high but are without a joint. 

As will be noted from Fig. 15, the station is laid 
out on a sectionalised double-busbar system operated 
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by seven 110 kV circuit breakers. 
Two of these circuit breakers con- 
trol the power from the generators 
at Cathaleen’s Falls, one the 
power from the Cliff generator, 
two the 110 kV transmission lines 
to Finglass and Carrick respec- 
tively, one the Donegal and Bally- 
shannon 38 kV system through a 
15 MVA transformer, and one a 
bus coupler. The 38 kV _ switch- 
gear is housed in an annexe to 
Cathaleen’s Falls station building. 
Provision has been made to extend 
the system to include the second 
generator at Cliff and the third at 
Cathaleen’s Falls, a second line 
to Carrick and a second connec- 
tion to the 38 kV network, which 
will then be controlled on a 
double-busbar system and housed 
in a new switchgear building at 
the power station. 

The circuit breakers are of the 
air-blast type, rated at 132 kV, 
600 A, and have a rupturing 
capacity of 2,750 MVA. Each 
breaker consists of three vertical 
poles, each having its own reser- 
voir with sufficient air for a break- 
make-break cycle. The breaking 
elements are kept dry by a small 
current of heated air. They are 
electro-pneumatically operated, 
and are remote controlled from 
Cathaleen’s Falls control room. 

Associated with the circuit 
breakers and busbar sections are 
21 isolators, which are also remote 
controlled and electro-pneumatic- 
ally operated but with air at 5 atm. 

Compressed air is furnished by 
duplicate three-stage compressors. 
Each compressor delivers at 30 
atm. through a water filter to a 
12 cu. ft. receiver and thence to 
a 70 cu. ft. receiver placed out- 
doors in a northerly situation and 
shielded from the sun, where the 
air is allowed to cool. There are 
two such receivers, and they are 
interconnected to each other and 
to a sectionalised ring main fed 
through two 30/15 atm. reducing 
valves and serving the circuit breakers. A second ring 
main is supplied through two 30/5 atm. reducing 
valves and serves the isolator gear; it has an 18 cu. ft. 
receiver at each end. 





















































Control Room 

In the control room (Fig. 19) there are three ele- 
ments—a curved vertical panel divided into three 
sections to allow free passage, a curved control desk 
facing the centre portion of the vertical panel, and an 
operator’s writing desk commanding a view of the 
entire room. 

The curved control desk carries a mimic diagram 
of the 110 kV system and is fitted with all controls 
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Fig. 16. One of the main transformers and the Petersen coil on the 


tailrace platform 





Fig. 17. The high-voltage air-blast circuit breakers 


necessary for synchronising, switching and load con- 
trol. Synchronising is by similar means to those 
already described for Cliff, the instruments being 
mounted on the central curved vertical panel. This 
panel also carries all the indicating instruments for 
the generators, including that at Cliff, and the Brown 
Boveri voltage regulators for the Cathaleen’s Falls 
main sets. The right-hand section of the vertical panel 
controls the auxiliary generator, the house-service 
transformers and the Cliff tie-line transformers, and 
the intake and crest gates, and carries the generator 
relays. The left-hand section is devoted to relays and 
recording instruments. On the writing desk is a signal 
panel covering mechanical and electrical faults over 
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the whole station, including the outdoor switching 
station. The same system of red and white lights is 
used as on the turbine panels, but in this case acknow- 
ledgment is made by pressing the lens of the white 
lamp concerned. External and internal telephones are 
also provided, including a magneto phone to Cliff and 
a high-frequency telephone to Dublin and elsewhere. 

Mounted above the central vertical panel and 
directly in front of the operator are two groups of in- 
struments—a load-indicating group and a time-keep- 
ing group. In the load-indicating group, integrating 
instruments give directly the combined output, in 
megawatts and megavars, of the Cliff and Cathaleen’s 
Falls stations as delivered into the 110 kV system. 
The time-keeping group is used as a check on the 
system frequency, and consists of a synchronous clock 
driven from the system, a slave clock driven from a 
master clock in the station superintendent’s office, and 
a difference clock indicating the difference between 
synchronous and standard time. Associated with this 
group is a short-range precision frequency meter read- 
ing to one-tenth of a cycle. This is useful to follow the 
trend of the load, and will be required in the event of 
Erne taking over the frequency control of the Irish 
system. 

In an annexe to the control room are housed two 
relay boards, each consisting of eight panels, one pro- 
tecting the 110 kV circuits and the other the 380 V 
house system. Space has been left on the second board 
for the relays associated with the future 38 kV system. 
The relays are grouped in relay stations, in sizes rang- 
ing from two to sixteen places, and have plug-in bases. 
Considerable space is saved, the wiring in the rear is 
visible and accessible, relays can be grouped as de- 
sired, and alterations and additions can be easily 
and rapidly made. 

The cables from the control room are carried on 


Fig. 18. One of the generator circuit breakers 


metal racks, and where they rise vertically they are 
individually clipped to supports. 


Offices 

As Cathaleen’s Falls forms the administrative and 
control centre of the system a three-storey administra- 
tive block has been built between the machine hall 
and the south bank. On the top floor is the control 
room, and below are the offices of the station superin- 
tendent and other staff. A stores and an exceptionally 
well-equipped workshop occupy the ground floor 
adjacent to the loading bay. 

A new approach road has been built from the main 
road, the lower fork giving access to the loading bay 
and machine hall, and the upper fork to the office en- 
trance. The entrance hall bears evidence of the ex- 
cellent work of the Architects’ Department of the 
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Fig. 19. The control room at Cathaleen’s Falls from which operations over the whole system are controlled 
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Electricity Supply Board, and 
affords an imposing view down 
the main staircase into the 
machine hall. 

The first main set at Cathaleen’s 
Falls station was brought into 
commission in the autumn of 
1951, and the second early in 
1952. The Erne River develop- 
ment was formally inaugurated 
by Mr. Sean Lemass, Minister for 
Industry and Commerce, on 
September 29, 1952. 
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From page 385 
erating installation in which its temperature is lowered 
to 35-6°F., thus losing part of its moisture through 
condensation. After its temperature has been raised to 
68°F. in a heating apparatus, the air finally reaches a 
duct suspended from the ceiling of the machine room 
and provided with a series of distribution branches. 
Stale air is evacuated through apertures in the lower 
part of the side walls of the room into the space 
between the walls and the rock. An adjustable pro- 
portion of the stale air is returned to the fresh-air 
chamber, and the rest escapes to the open air through 
the access gallery. The fan is driven by a 20 h.p. motor 
and has an output of 30,000 cu. m. per hour. 

The temperature of the air is raised by the water 
reheated in the condenser of the refrigerating plant. 
This plant was supplied by Sulzer Bros., has an output 
of 190,000 cal. per hour, and its ammonia compressor 
is driven by a 72 h.p. motor. The air-conditioning 
installation was designed and supplied by Ventilation 
S.A. in Staefa. 

The open-air switching station comprises two 37:5 
MVA Sécheron transformers, space being provided 
for a third unit of the same type and capacity to be 
added at a later date. The H.V. side of each trans- 
former delivers 37:5 MVA at 130 kV, and 18-7 MVA 
at 65 kV. There are two sets of 130 kV busbars for 
various interconnection patterns between the four out- 
going lines which connect the power station with the 
E.O.S. system between Chandoline and Saint-Triphon, 
as well as with the Lavey installation. Two sets of 
65 kV busbars are connected by two transmission 
lines to the coupling station at Les Vorziers which 
serve the 65 kV regional grid. Finally, a 2.5 MVA 
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Fig. 20. The main entrance hall at Cathaleen’s Falls 


The Cementation Co. Ltd., the civil-engineering con- 
tractors for the scheme, who have also supplied a 
number of the photographs. Photographs, drawings 
and information relating to their respective installa- 
tions have also been received from A.S.E.A.. 
Charmilles Engineering Works Limited. K.M.W.. 
and Brown, Boveri & Co. Ltd. 


transformer ensures interconnection at the Vernayaz 
power station with the 10 kV Lonza system. ~ 

We are much indebted to the Salanfe S.A., in 
Lausanne, for permitting us to reproduce this article 
and for supplying us with the photographs accom- 
panying it. 





CABMA Register, 1953. Canadian Association of 
Manufacturers and Agencies. Published by Kelly's 
Directories Ltd. and Ilitfe & Sons Ltd., Dorset House, 
Stratford Street, London, S.E.1. Obtainable from 
British Trade Centres in Canada at $7.50. 

This, the first officially sponsored directory in which 
British manufacturers list their products which are 
available for Canada, and their channels of distribu- 
tion in that country, is an 800-page volume, in six 
sections, and constitutes a complete buyers’ guide to 
British products for the Canadian businessman. It 
tells him who manufactures and distributes almost 
every conceivable type of article, and where it can be 
obtained. The names and addresses of over 4,500 
British manufacturers; 2,750 Canadian distributors, 
and 3,750 British-manufactured articles are listed. 
Evidence of the thoroughness with which the volume 
has been produced is the inclusion of a glossary of 
French-Canadian product terms. 

This Register, which hereafter will be published 
annually, is produced in collaboration with the Dollar- 
Sterling Trade Council in Canada, and the Dollar 
Exports Council, the Federation of British Industries: 
The Association of British Chambers of Commerce, 
the National Union of Manufacturers, the Scottish 
Council (Development and Industry) and the Northern 
Ireland Industries Council in the U.K. 
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Highest- Voltage British Transformer 


for Alcan 


Pi kh} 


ORDS 


The first of four 71,000 kVA, 301,000 V, single- 
phase, Ferranti generator transformers for the “Alcan” 
project of the Aluminium Company of Canada Ltd., 
Kemano, British Columbia, Canada, left the Ferranti 
factory at Hollinwood, Lancashire, last August. These 
transformers are the first power units to be ordered 
and manufactured in this country for a working 
voltage in excess of 300,000 V. They will be installed 
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PICKFORDS 


in underground cubicles hewn out of the rock some 
300 ft. below ground, in the wilderness of North- 
Western Canada, 400 miles north of Vancouver, 
towards the southern tip of Alaska. Ferranti Ltd. are 
also supplying three 37,000 kVA, 275,000 V trans- 
formers to step down the voltage at the other end of 
the line in Kitimat, where the Aluminium Production 
Plant will be installed. 


Fastest Cableway tor 
Pine Flat Dam 


What is believed to be the 
world’s fastest cableway estab- 
lished new records for placing 
concrete during construction of 
Pine Flat dam across California’s 
Kings River. This dam, 30 miles 
north-east of Fresno, Cal., is now 
rapidly nearing completion with 
construction from six to eight 
months ahead of schedule. The 
cableway, which was powered and 
controlled by General Electric, 
U.S.A., equipment, operated at a 
maximum rope speed of more 
than 2,000 ft. per min. over the 
2,400 ft. span between its head 
and tail towers. It utilised an 
eight-yard bucket containing 174 
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tons of 50-degree concrete, and placed more than 
4,000 cu. yards of the material in one 24-hour period, 
according to engineers at the site. The entire dam 
contains 2,200,000 cu. yards of concrete. 

Pine Flat dam impounds a storage of 1,000,000 
acre-feet. It is 440 ft. high—the eighth highest in the 
world—and is the highest ever built by the U.S. Army 
Corps of Engineers. 

The high cableway speed, nearly twice that of con- 
ventional drives, was made possible by (1) the use 
of d.c. power; (2) separate drives which enable it to 
hoist and haul simultaneously; and (3) an amplidyne 
control system for smooth, positive operation. 

Separate G-E amplidyne-controlled adjustable- 
speed drives operated the hoist and haul drums. Each 
drive consisted of two 400 h.p. d.c. motors which 
received power from a motor-generator set made up 
of two 300 kW shunt-wound generators driven by a 
900 h.p. synchronous motor. The main-drive motors 
were fitted with G-E two-shoe magnetic brakes. 

The head and tail towers were each propelled on 


NS 


The cableway was built by the Willamette Iron 
and Steel Company of Portland, Oregon, for Pine Flat 
Contractors. The latter combine of contracting firms 
includes: the Guy F. Atkinson Company, sponsoring 
firm; Bressi & Bevanda Constructors, Inc.; Charles 
L. Harney, Inc.; J. A. Jones Construction Company; 
and A. Teichert & Sons, Inc. : 


New Morgan Smith Plant 


Last year the S. Morgan Smith Company, of Penn- 
sylvania, acquired 136 acres of land about two miles 
from their present main manufacturing plant for the 
accommodation of a new plant. This plant has now 
been erected and consists of two bays, each 90 ft. 
wide, one having a length of 650 ft. and the other of 
400 ft., the total floor space approximating 100,000 
sq. ft. About 2,300 tons of structural steel and 5,000 
cu. yards of concrete were used. Equipment includes 
two oil-fired steam generators for heating purposes, 


Ring for 111,300 h.p. turbine for McNary dam in the new works of the S. Morgan Smith Company 


straight, parallel tracks by two 75 h.p. wound-rotor 
motors. A selsyn arrangement served as an automatic 
“skew” control to keep the two towers aligned at all 
times. Since the high-speed cableway and a slower 
service rig operated on common tracks, photo-electric 
control was used to prevent the towers of the two 
systems from colliding. 

The control station for the high-speed drives was 
located in an enclosed platform jutting out from the 
batching plant on one side of the 2,240 ft. canyon. 
Good visibility from this elevated location enabled 
the operator to control the cableway without signals 
most of the time. 
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a 30,000 gallon propane tank for gas cutting and 
stress. relieving, a 1,000 gallon oxygen tank, various 
cranes up to 100 tons capacity, and a 40 ft. vertical 
boring mill. The new works will be devoted entirely 
to the manufacture of water turbines and such allied 
products as intake and crest gates, hoists, valves, 
trash racks, and so on. Our illustration gives an 
interior view of the works which shows the complete 
ring for one of the turbines to be installed at the 
McNary dam. This component is 36 ft. 6 in. im 
diameter, and its related Kaplan runner will generate 
111,300 h.p. at 85-7 r.p.m. under a head of 80 ft. The 
complete turbine unit weighs about 900 long tons 
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Abstracts from the 
World Technical Press 


Temple-sur-Lot, France 
This is a typical run-of-river plant, without any 
diversion canal, set up on the lower Lot about 20 km. 
from its confluence with the Garonne, slightly north- 
west of Agen. Owing to the aggregate length of the 


Fig. 1. Cross section 
through power house 


works (about 150 m.) the site selected is at a spot 
where the river is relatively wide. The power house 
is on the right bank, and the spillway section on the 
left bank. 

The main characteristics of the installation are as 
follows: 

Gross head, 10:8 m.; this head was obtained by 
raising the upstream water level to 7:4 m., and lower- 
ing the crest of an old downstream dam. 

Operating discharge, 300 cu. m. per sec.; maximum 
flood discharge, 4,000 cu. m. per sec. 

Generating equipment and transformers:— 

Two main vertical-shaft 16,850 h.p. Kaplan turbines 


Fig. 2. Cross section 
through spillway 
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each driving a 14,500 kVA 5-5 kV alternator at 107 
r.p.m.; 

Two main transformers 5-5/60 kV; 

A low-water auxiliary set consisting of a vertical- 
shaft 1,730 h.p. Kaplan turbine and a 1,600 kVA 5-5 
kV alternator operating at 333 r.p.m.; 

Two transformers 5:5/13-5 kV—75 P kVA, and 
two transformers 5:5/0:220 kV—250 kVA. 

Yearly production: 88 million kWh. 

The spillway section consists of four 20 m. wide 
sluices each closed by a set of double Stoney gates 
with an upper leaf 3-5 m. in height, and a lower leaf 





7:0. This arrangement permits the maximum flood 
to be handled (4,000 cu. m. per sec.) with a comfort- 
able margin of safety. 

The main feature of the generating equipment is 
the combination of two main medium-sized units with 
a small auxiliary set, which enables the plant to utilise 
economically the range of discharges occurring in 
practice. The main units feed the 60 kV system while 
the low-water unit, in addition to operating the 
ancillary services, supplies the 13-5 kV local network. 
(La Houille Blanche, Vol. 8, No. 1, Jan.-Feb. 1953, 
p. 67, 12 pp., 17 ff.) 


Aare Development, Switzerland 

A description is given of the Wildegg-Brugg power 
plant, which is to be completed this summer, and the 
first generating unit of which was put into operation 
on December 11, 1952. 

This plant utilizes a 9-35 km. stretch of the Aare 
between Wildegg and Brugg. The barrage, upstream 
of Brugg, has four 15 m. sluice gates, and ‘aises the 
level of the river about 7.3 m. above the original low- 
water level. The two vertical Kaplan turbines were 
supplied by the Theodor Bell concern in Krien; their 
characteristics are: Capacity 23,000 kW each, head 
14-75 m., discharge 350 cu. m. per sec., speed 115-4 
r.p.m. The runner, 5-15 m. in diameter, has six blades 
of stainless steel. The thrust bearing is designed for 
a load of 650 metric tons. 

The two 30,000 kVA 8,200 V_ Brown-Boveri 
generators are air cooled, and part of the air is sub- 
sequently used to heat the power house during the 
winter. In case of a failure involving fire hazards, 
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special flaps shut off the air circuit, while, at the same 
time, the generator affected is filled with carbon 
dioxide. 

The 150,000 V outdoor switchyard is located above 
the draught tubes of the turbines, and comprises two 
30,000 kVA 8,200/150,000 V, and two 20,000 kVA 
8,200/50,000 V transformers. 

Once completed, this power plant will provide the 
north-eastern Swiss grid with an additional 300 mil- 
lion kWh per annum, of which 130 million kWh will 
be winter and 170 million kWh summer energy. (N. 
O. K., Wasser und Energiewirtschaft, Vol. 45, Feb- 
ruary 1953, p. 26, 4 pp., 3 ff.) 


Hydraulic Models 


This paper presents some aspects of the models 
which are considered as a useful means for develop- 
ing or testing the designs of hydraulic engineering 
works. The classification of the models is done from 
the point of view of the similitude of the model re- 
sults with those of the prototypes. The laws of simili- 
tude and Buckingham’s theorem are briefly reviewed. 
The problems that can be solved with the help of 
models can be classified into the three following 
types: reconditioning of existing structures, testing 
features of new projects, and developing or stan- 
dardising devices by carrying out basic research. The 
usefulness of models in solving such problems is 
pointed out along with the economics of model ex- 
periments. The model limitations and scale effects 
which have to be given careful consideration when 
interpreting results obtained on the prototype, are 
given due importance. How the scale of a model may 
affect results is shown in the appended graph by the 
trajectory curves of an air-entrained water jet, plotted 
on the results obtained with two models of one and 
the same structure set up at scales of 1/18 and 1/60 
respectively. The results derived from model tests 
cannot always be accepted as reliable quantitative 
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values, but in some cases models produce qua itative 
results which serve also as a valuable guide in the 
design of structures. While the use of mode's may 
help in solving some types of problems with a high 
degree of accuracy, other problems, especiall. when 
dealing with rivers flowing through aluvium, confront 
the hydraulical engineer with uncommon difficulties. 
(S. D. L. Luthra, Central Water and Power Research 
Station, Poona, Irrigation & Power, Vol. 9, No. 4, 
October 1952, p. 557, 17 pp., 7 ff.) 


Landslides Menace Grand Coulee Area 


Land movements have been occurring on thie right 
bank of the Columbia River below Grand Coulee 
dam, and Soap Lake, near the lower end of Grand 
Coulee, has been rising at a rate that threatens inunda- 
tion of Soap Lake city. This has led to an investiga- 
tion of remedial measures by both the Bureau of Re- 
clamation and the Army Engineers. 

The Seattle District Office of the A.E. will propose 
to Corps headquarters that the slide area be included 
in the reservoir that will back up behind Chief Joseph 
dam, 51 miles downstream from Grand Coulee. There 
seems, however, to be no agreement as to the im- 
mediate cause of the slides. 

The Reclamation Bureau, which built the Grand 
Coulee Dam, ascribes the slides to glaciation which 
once dammed the Columbia River, and created a 
huge lake which filled with beds of sand, silt, gravel 
and boulders. When the ice barrier failed, the river 
cut rapidly through the sediments to reach its former 
bed, causing in the process the sliding of the banks 
of unstable material into the river. This condition 
still persists, but at a much slower rate since the 
banks are now nearer the point of stability. 

As to Soap Lake, it has been rising since 1947, but 
the Bureau points out that this is a normal condition, 
common to other lakes in the Pacific Northwest. On 
the other hand, residents blame the lake rise on 
leakage from the West Canal of the Columbia basin, 
whose water comes from Grand Coulee equalising 
reservoir; the Bureau, however, calls attention to the 
fact that water was first pumped into the equalising 
reservoir in 1951, that is to say four years after the 
lake rise started. At the request of the Soap Lake 
City Council and other groups, the Bureau pumped 
from both Soap Lake and nearby Lake Lenore dur- 
ing the period from January to March this year. 
(Engineering News-Record, Vol. 150, No. 20, May 
14, 1953, p. 27.) 


Tunnel excavated after it is built 


We are here reminded of the old Chinese practice 
of beginning with the roof when building a house. 
This uncommon procedure was recently applied to a 
new subway tunnel in Stockholm, and enabled streets 
to be reopened to traffic in a much shorter time than 
the usual full open cut would have allowed; similar 
reasons may occasionally arise in connection with 
hydro-electric schemes when, for instance, tunnels 
have to be built under an overburden of moderate 
thickness cutting across roadways. As shown in the 
appended diagrams, work started (1) by driving 
I-beam piles clear of future tunnel walls after re- 
moval of the pavement, then (2) removing top lift 
down to level for forming tunnel roof, whereupon (3) 
inner piles were driven flush with excavation and 
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Sequence of operations in excavating a subway tunnel in Stockholm 


about 12 ft. from outer piles. The next operation was 
to excavate for tunnel walls, piles were shored, and 
plan sheeting driven (4); the tunnel walls were then 
formed and poured (5), and the roof form, requiring 
no support, was built on earth. After pulling out the 
outer piles, the new roadway was built, and tunnelling 
proper began (6). 

The Stockholm tunnel is of reinforced concrete, 
and the 2} mile underground construction is in rock 
wherever possible in the area the subway is intended 
to serve. Tunnelling in rock did away with the neces- 
sity of opening a good many streets in the traffic- 
crowded city, and permitted engineers simply to line 
the rock section, instead of building a heavier and 
more expensive fully reinforced structure. (Engineer- 
ing News-Record, Vol. 150, No. 21, May 21, 1953, p. 
65, 2 pp., 7 ff.) 


Chief Joseph Dam 


The progress of work on this major structure is 
described in detail. Two big contractor combines are 
now placing concrete at the daily rate of 3,500 cu. 
yards, their aim being to put the generating plant at 
the service of the power-short Pacific Northwest States 
by the autumn of 1955. One reason why two con- 
structional firms are doing the job is that it breaks 
down into two separate units; a main dam, which is 
being built from the right bank of the Columbia in 
Washington, 51 miles downstream from Grand 
Coulee, and an intake and powerhouse structure on 
the left bank. Progress is now steady and continuou:; 
but great difficulties were encountered at first, when 
a scoured rock river bottom made cofferdam place- 
ment a most awkward problem, and reservoir water 
had to be kept away from a pervious stratum on the 
1953 
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right bank. The remaining major factor was the one 
that always plagues construction on the Columbia 
—tremendous seasonal flows. (Engineering News- 
Record, Vol. 150, No. 26, June 18, 1953, p. 40, 4 pp., 
11 ff.) 


Sudden-Pressure Relay for Transformers 


Heavy faults in a power transformer require quick 
detection and equally quick action, and the new relay 
described in this paragraph is designed to give both. 
Basically the sudden-pressure relay consists of a small 
bellows, and a single-pole, double-throw microswitch; 
its operation is governed by an equaliser, a small 
pipe plug with a small hole that forms an opening 
between the transformer gas space and the relay case. 
This opening “throttles” any pressure difference be- 
tween the case and the gas space, and causes the 
bellows to operate the microswitch. This pressure 
differential of only a fraction of a pound per sq. in. 
initiates the action, either giving an alarm or removing 
the transformer from service. Most transformers have 
absolute-pressure relief diaphragms that act when 
internal pressures build up to an unsafe amount; 
however, the new relay, since it acts on any uncommon 
rate of changes, goes into action long before the relief 
valve can operate. The two safety devices thus supple- 
ment each other—one acting on sudden changes, the 
other on prolonged overload. The following notable 
advantages are claimed for the new Sudden-Pressure 
Relay: it operates on sudden increases in gas pressure, 
regardless of the operating pressure of the trans- 
former; it will operate on a rate of pressure rise as 
low as 0-071 pound (1-1 oz.) per sq. in. per second; 
at high rates of increase—10 to 15 lb. per sq. in. per 
second—it operates in two or three cycles; it does 
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not operate on those changes in pressure common to 
transformer operation. (Westinghouse Engineer, Vol. 
13, No. 2, March 1953, p. 79.) 


Single-block Run-of-River Plants 
Stress is laid in this article on the advantages of 
having run-of-river plants arranged in separate pier- 
housed generating units and intermediate spillways, 
as compared with the conventional design of a single- 
block or centralised power house flanked by a spillway 
structure, with a number of sluices varying in accord- 





Photograph of flow patiern of water entering turbine 
well 


ance with the width of the river. In the author’s words 
the multi-block run-of-river power station constitutes 
a genuine adaptation of the structure to the flow, while 
the conventional single-block pattern attempts to 
adapt the flow to the structure. The appended illus- 
tration shows the pattern of the flow entering the 
turbine well of a pier-housed generating unit at flood 
periods, with the water flowing symmetrically around 
the upstream end of the pier. (A. B. Schulz, Consulting 
Engineer, Berlin-Siemensstadt, Technische Rund- 
schau, Bern, Vol. 45, No. 32, August 7, 1953, p. 1, 
3 pp., 11 ff.) 

Note: We refer our readers to the article by the 
same author, “A New Type of Run-of-River Power 
Station,” published in our issue of May 1953, p. 177. 


Centenary of the Ecole Polytechnique of 

the Lausanne University 

The Bulletin de I’ Association Suisse des Electriciens 
contributes to the celebration of this centenary by 
devoting a whole issue to articles written by professors 
and lecturers of this well-known technical school:— 

“Electrotechnics and the engineer’s intellectual 
training,” a foreword by Pierre Oguey; 

“Experimental investigations of problems related 
to the construction of storage dams,” by Alfred 
Stucky; 

“ Structure, development and problems of distribu- 
tion networks in French-speaking Switzerland,” by 
Paul Mestre; 

“ Equivalent diagrams of electric machines under 
transient working conditions,” by P. Fourmarier; 

“Theory of signals and communications and its 
application to telecommunications,” by R. Dessoulavy; 
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“New insulants in cable manufacturing,” by R. 
Goldschmidt. 

(Bulletin de I’ Association Suisse des Electriciens. 
Vol. 44, No. 12, 13.6.1953, 43 pp., 56 ff.) 


Hydrogen Cooling for Turbine Generators 


The advantages and disadvantages of the use of 
hydrogen for cooling turbine generators are broadly 
discussed. The introduction of hydrogen cooling 
about 1926 provided a means for designing machines 
capable of greater loads for the same amount of 
material than was previously possible with air cool- 
ing. Early generators were designed for operating 
with a hydrogen pressure of 0-5 Ib. per sq. in. (gauge); 
since about 1940 many machines have been operated 
at 15 lb. per sq. in., and a few at pressures up to 
30 Ib. per sq. in. Because of diminishing returns, 
further increases in operating pressure on conven- 
tional machines are not worth while, but changes in 
fundamental generator design will make still higher 
hydrogen pressures desirable, so that the attendant 
savings in material, space, construction costs and 
manpower can be fully realised. 

The major disadvantage of higher hydrogen pres- 
sures is one directly related to safety. At increased 
hydrogen pressures, increased leakage should be ex- 
pected, and there is a great possibility of hydrogen 
collecting in pockets in the building or around the 
machine. Operation at higher pressure calls there- 
fore for more attention and more careful maintenance 
to safeguard against hydrogen accumulation in the 
vicinity of the generator. 

In the appended graph the capability curves for a 
conventional machine operated at different hydrogen 
pressures are plotted per unit values; they apply to a 
wide range of generator ratings. (J. W. Batchelor, 
Westinghouse Engineer, Vol. 13, No. 12, March 1953, 


p. 74, 3 pp., 3 ff.) 
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Capability curves for hydrogen-cooled machine 
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The La Gabelle plant of the Shawinigan Water and Power Com- 
ny, containing five Dominion fixed blade propeller turbines 
of 35,000 H.P. each, at 120 R.P.M. under a head of 60 feet. 


Economy with 
OMINION PROPELLER 
TURBINES 


For low head hydro-electric power plants, where high 
speed is essential for economy in capital cost, the 
fixed blade propeller turbine is often the most suit- 
able particularly when there are multiple units in 
the power house. 

The fixed blade propeller turbine is as simple in 
construction and operation as the lower speed Francis 
turbine. It does not require the complicated mechan- 
ism and governor control, in the rotating element, 
of the adjustable blade propeller turbine. Never- 
theless, the fixed blade propeller turbine, in many 
installations, utilizes the available hydraulic power 
as effectively as the more expensive type. 

Since 1921 Dominion Engineering have received 
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orders for 89 fixed blade propeller turbines with a 
total rated capacity of 1,244,245 H.P., and are now 
manufacturing 14 units of this type, with throat 
diameter of 205’. Eight units, of 21,000 H.P. each, 
at 94.7 R.P.M. under a head of 40 ft. are for the 
Chenaux Development of Hydro-Electric Power 
Commission of Ontario, and six units of 19,000 H.P. 
each, at 94.7 R.P.M. under a head of 37 ft. are for 
the Pine Falls Development of Department of Mines 
& Natural Resources, Province of Manitoba. 


This background of experience, combined with a 
systematic research programme in our own labora- 
tory, is at your service. We confidently invite your 


enquiries. 4007 
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Playing an IMPORTANT role in World Indusiry! 








One of five 25 MW, 11 kV, 600 
r.p.m. alternators for the 
Tasmania Hydro Electric 
Commission. 


HYDRO ELECTRIC PLANT 





THE GENERAL ELECTRIC CO. LTD »« MAGNET HOUSE e KINGSWAY e LONDON e W.C2 
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Aluminium conductor 
spans the world 


Nations that have traditionally been regarded as agricultural are now 
turning to the manufacture, not only of foodstuffs, but of consumer 
goods of all types for their growing populations and in some 

cases for export. New industries and the modernization 

of agricultural methods demand increased supplies of electric 

power and its means of economic distribution from hydro 

electric sources, whose location is determined by the physical 
features of the area, to the centres of population. 


Yew Zealand 


Source of Dairy Produce 
and of Mutton is creating flourishing 
consumer industries dependant on cheap 


and readily available electricity. 


ALUMINIUM WIRE & CABLE CO. LTD. 


Britain’s Largest Manufacturers of Aluminium Wire and Conductors 


HEAD OFFICE AND WORKS: PORT TENNANT, SWANSEA, GLAMORGAN 


SALES OFFICE : 30 CHARLES II STREET, ST. JAMES’S SQUARE, LONDON, S.W.1 
Telephone :—TRAFALGAR 6441/6 
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Hydraulic test of a Ferrand 
patent manifold with high 
hydraulic efficiency 
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OR SOC CONDOTTE FORZATE, MILANO — VIA BIGLI 2I, ITALY 


Designers and manufacturers of the most modern and powerful high 
pressure pipelines with a world wide reputation 











Associated with Terni, Soc. per |’ Industria e I’ Elettricita, Terni, Italy 
ETABTS, Bouchayer and Viallet, Grenoble, France 
Soc. Dauphinoise d’ Etudes et de Montages, Grenoble, France 
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e i gs L Ay e e r S View of interior of power house over two low head 


Armfield Francis turbines. Each turbine drives a 45 KW 


OIL PRESSURE alternator and is independently governed. 
GOVERNORS The sets operate in parallel with each other and with a further 
SLUICE-GATES Hydro-Electric and Diesel installation some two miles downstream. 
AND COMPLETE This installation was recently completed to the order 
HYDRO-ELECTRIC of A. F. Wallace, Esq., of Candacraig. 
INSTALLATIONS Consultants—Messrs. Griffin Smith & Partners Ltd. 


ARMFIELD 


THE ARMFIELD HYDRAULIC ENGINEERING CO. LTD., RINGWOOD, HAMPSHIRE, ENGLAND 
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This is no reference to the English Sum- 
mer, or the incidence of Test Matches, for what is 
anathema to the Cricketer is a godsend to the 
Engineer, who will take advantage of its presence to 
turn it to the use of mankind and provide the motive 
power essential to industry and agriculture. 

The harnessing of this great natural force calls for, 
among other equipment, SWITCHGEAR, which at 
its best is the product of SPECIALISTS. We manu- 
facture nothing other than Switchgear, and therefore 
suggest to those responsible for the specification of 
this important link in the supply system that they 
cannot do better than consult 


FERGUSON PAILIN LTD 


Switchgear Specialists 
MANCHESTER 11, ENGLAND 
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DIESEL RAILWAY TRACTION 


SHIPBUILDING AND SHIPPING RECORD 


POWER AND WORKS ENGINEERING 


COLLIERY ENGINEERING 


COKE AND GAS 


THE RAILWAY MAGAZINE 











Member of the A.E.I. Group of Companies 









A journal of Railway Management, Engineering, Operation 
and Railway News. It covers every phase of railway activity. 
It is truly said of this journal that it is “ Read Whe-ever there 
are Railways.” Yearly £4 10s. post free. Weekly 2s 


A monthly review of world-wide developments in diesel. 
engine design, practice and maintenance and dicsel railway 
traction operation. Yearly 30s. post free. Monthly 2s. 6d. 





The only publication with direct appeal to both shipowner 
and shipbuilder. Its world-wide mews organisation and 
technical articles and drawings put it in the forefront of 
shipping periodicals. Yearly £4 10s. post free. Weekly 2s, 


Specifically concerned with the effectiveness and economy of 
factory services, including steam raising, power generation 
and application, and all engineering plant problems, Yearly 
35s. post free. Monthly 2s. 6d. 


A practical journal dealing with all aspects of coal production: 
every branch of coal mining technology is reviewed in detail 
and special attention is given to mechanisation and labour- 
saving machinery. Yearly 35s. post free. Monthly 2s. 6d. 


A technical journal dealing with the scientific and technical 
problems involved in the production of coke and gas in coke 
ovens and gasworks. Yearly 30s. post free. Monthly 2s, 6d. 


A popular magazine containing illustrated articles on Railways 
and Locomotives. Published Monthly. Prepaid Annual Sub- 
scription 32s. Monthly 2s. 6d. 


NEW COMMONWEALTH 
Describes and illustrates significant Gevelopments in production, 
trade, transportation and related spheres in all countries of 
the Commonwealth. Prepaid Annual Subscription 50s. 


Fortnightly 2s. 


THE INDUSTRIAL CHEMIST 
A technical journal devoted to the progress of applied 
chemistry and chemical engineering. It is of vital importance 
to the chemical manufacturer and all who employ chemical 
processes in their productive operations. Yearly 35s. post free. 


Monthly 2s. 6d. 


BUILDING 
A journal 
contractors, 
planning, design, 
modern building work. 


wooD 
“Wood” is the only 


for practising and salaried architects, building 
designers and specialists. It deals with the 
construction and the administration of 
Yearly 30s. post free. Monthly 2s. 6d. 


magazine of its kind. Primarily con- 
cerned with the use of wood, it includes articles on trees and 
timbers, design and construction in all decorative and 
practical wood usage, machines and machine practice, and 
trends in world supply. Yearly 30s. post free. Monthly 2s. 6d. 
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A technical journal devoted to the study of all aspects of 
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MINE AND QUARRY ENGINEERING 
Articles of technical nature cover geology, modern methods of 
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Hydro-Electrification 


Scheme—Ceylon 


Installation of 
Haulage Gear 
at 


Norton Bridge 
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H YDRO-ELECTRIC 
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Interior of the Power station showing one of 1 
GI S 


1.150 BHP LKES Francis Turbines 


This installation is one of the North of Scotland Hydro- 
Electric Board’s smaller 


the adjacent mainland. A dam has been constructed impounding 


stations, supplying the Isle of Skye and 

Loch Leathan and Loch Fada. making them into a single storage 

a 42-inch diameter pipeline 2.700 feet long 

| t at sea leve 

150 B.H.P. 1,000 r.p.m. GILKES 
t head of 435 feet and driving 


s made for the installation of 


Looking down the pipeline to t } 
station on the shores of Bearreraig Ba, 


GILBERT GILKES « GORDON LTD 


KENDAL Phone. Kendal 28 ENGLAND 
WATER TURBINE AND PUMP MANUFACTURERS 
O se 6 wa °) 


Landen Office CRAVEN HOU KINGS NOON WC 2 Phone Holborn 3231/2 











A 
Acciaieria E Tubificio Di Brescia 
Allgemeine Elektricitats Gesellschaft 
Allis-Chalmers ... 


Allmanna Svenska Electriska Aktiebolaget .. 


Aluminium Wire & Cable Co. Ltd. 
Anderson-Grice Co. Ltd. 
Ansaldo, San Giorgio, S.p.A. 


Armfield Hydraulic Engineering Co. Ltd., The 


Arrol, Sir Wm. & Co. Ltd. .. 
Ateliers de Constructions Electriques 


Charleroi 


Ateliers de Constructions Electriques de Delle 


Aveling-Barford Ltd. 


B 
Balfour, Beatty & Co. Ltd. ... 
Bell, Theodore, Ltd. ... 
Billington & Newton Ltd. 
Birkett, T. M. & Sons Ltd. 
Blackwood Hodge nee 
Blakeborough, J. & Sons Ltd. 
Blaw Knox Ltd. - 
Boving & Co. Ltd. 
Brady, G. & Co. Ltd. 


British Insulated Callender’s ( Cables ‘Ltd. 


British Pitometer, The, Co. Ltd. 
British Ropeway Engineering Co. Ltd. 
British Thomson-Houston Co. Ltd. ... 
Brown, Boveri & Co. Ltd. 

Bruce, Peebles & Co. Ltd. 23 

Brush Electrical Engineering Co. Ltd. 
Butters Bros. & Co. Ltd. dai 


Cc 
Canadian Vickers Ltd. 
Cementation Co. Ltd. 
Ceretti & Tanfani Ropeway Co. Ltd. 
Charmilles Engineering Works Ltd. 
Consolidated Pneumatic Tool Co. Ltd. 
Costain, Richard, Ltd. as 


D 
De Roll, Louis, Iron Works Ltd. 
Distington Engineering Co. Ltd. 
Dominion Engineering Co. Ltd. 


E 
Eimco (Great Britain) Ltd. 
English Electric Co. Ltd. 
Escher Wyss Ltd. int 

F 


Ferguson Pailin Ltd. 
Ferranti Ltd... 
Ferrum (England) Ltd. 


G 
Galileo Officine, di Battaglia Terme ... 
General Electric Co., International 
General Electric Co. Ltd. — 
Gilbert Gilkes & Gordon Ltd. 


INDEX TO ADVERTISEMENTS 


35 


16 
27 
48 
53 


Glenfield & Kennedy Ltd. os “Front Cover 


H 


Hackbridge & Hewittic Electric Co. Ltd. 


Harland Engineering Co. Ltd., The ... 
Henderson, John M. & Co. Ltd. 


Henley’s, W. T., Telegraph Works Co. Ltd. 


25 


Holman Bros. Ltd. aes Inside Back Cover 


LonDoN: Published by TotHiit Press LiMiTED, Proprietors of WATER POWER, at 33 Tothill Street, 
and Printed by W. & H. SmrituH Ltp., Evesham, Worcestershire. October, 1953. 










I 











International Engineering Co., Inc. ... ~— = 
K 
Karlstads Mekaniska Werkstad ik in ae 
L 
Leffel, James & Company, The - 1 
M 
Mannesmann-Export, G.m.b.H. si — 
Marelli, Ercole & Co., S.p.A. ... 38 
Metropolitan- Vickers Electrical Co. Ltd. 
Back Cover 






Michell Bearings Ltd. ... oes i = 
Mitchell Engineering Ltd. _ ois ——— 







N 
Newport News Shipbuilding & Dry Dock Co. 29 
Nuttall Edmund Sons & Co. (London) Ltd. 8 







Nydqvist & Holm Akt. sd ba a 
O 

Olding, Jack (Onions) Ltd... shin = 

Oerlikon Engineering Company esi i a 
P 






Painter Bros. Ltd. 







Pilkington Bros. Ltd. “A ee 7 7 26 
Pirelli-General Cable Works Ltd. ... = 
R 
Ransomes & Rapier Ltd... en . 14 






Rawiplug Co. Ltd., The vin ba — 
Reyrolle, A. & Co. Ltd. Inside Front Cover 
Riva Costruzioni Meccaniche we . 





_ on oh 





S 

SACE Costruzioni Elettromecaniche — 
Salvi, A., & Company ... ate sus oo 
Scarpa & Magnano ins me ™ 

Smith, Fredk. & Co. ... sas sah a 
Smith, S. Morgan, Company ... oni, 
Smith, Thos. & Sons (Rodley) Ltd. oo 
Societa Anonima Elettrificazione, SpA. oo 















Societa Condotte Forzate és —— In ev 
South Durham Steel & Iron Co. Ltd. = 

Standard Telephones & Cables Ltd. ... isa Hydra 
Steatite & Porcelain Products Ltd. ... .. 10 
Storey, Thos. (Engineers) Ltd. ; nnn 7 
Svenska Entreprenad A/B _... ” ... 40 with 

T 
Taylor, Tunnicliff & Co. Ltd. . ae 





Tees Side Bridge & Engineering Works Ltd., 
a : = 
Tosi Franco, S.p.A. oe ae “an 

















Vv 
Vevey Engineering Works Ltd. - = 
Voith, J. M., G.m.b.H. pwn nae 
W 
Ward, Thos. W., Ltd. — = 
Westinghouse Electric International Co. ... 2 
Wild, M. B. & Co. Ltd. ioe i — 
Wood, Hugh & Co. Ltd. bes ole = 
Y 





Yorkshire Electric Transformer Co. Ltd. 22 









— 


Westminster, S.W.L 











FROM HOLE TO 


in seconds — 


WITH THE HOLMAN 


In every type of mining undertaking the Holman 
Hydraulic Drilrig means easier drilling, faster drill- 


ing and cheaper drilling. Compare these advantages 


with conventional drilling techniques :— 


The Holman Hydraulic Drilrig is 
witable for large or small drifters. 
Single, double or triple boom units 
‘upplied. Full working data 
wailable on request. 


TELEPHONE: CAMBORNE 2275 (9 
SUBSIDIARY COMPANIES, 


LINES) 
BRANCHES AND 
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HYDRAULIC DRILRIG $ 


@ SPEED: movement from hole to hole is a matter 
of seconds, making drilling with long-feed drills and 
tungsten carbide-tipped Holbits the fastest technique 
obtainable. 

@ MOBILITY: holes can be drilled at any angle 
in any order in face or walls—equally suitable for 
arched or square drives. 

@ SIMPLICITY : 
staging or spanner work needed. 
quickly and easily made. 

@ EFFICIENCY: hydraulic pressure holds the boom 
stable and true. All moving parts protected from mud 
and water. 


no rigging, roof jacks, columns, 
Adjustments can be 
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Holman 


CAMBORNE. ENGLAND 





TELEGRAMS: AIRDRILL, 
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Illustration shows a typical + From the lochs of the Highlands are released new sources of electrical power 


water-turbine driven . ' : : i ; = ‘ : 
generator, having an outpue aided by the engineering skill of Metropolitan-Vickers. Power bringing warmth | 
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the Karapiro station of the - - > S : 
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New Zealand. = = = ” é 


are demanded outstanding skill andcraftsmanship in things: 


electrical, will be found the products of Metropolitan-Vickers. 


‘ 
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